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LIFE IN THE SEA 


By Dr. R. E. COKER 
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STUDY IN PREDATORY RELATIONSHIP 
WITH PARTICULAR REFERENCE 
TO THE WOLF 


By SIGURD F. OLSON 


past quarter OF a century 
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preclators, the wolf, the covote and the thousands of carn 
mountain lion, and little scientific inves West, there were only eleven 
tivation has been carried on to determine recorded, that in the state of W 
the exact status of these forms in relation a Tew vears ago only five wolves 
to the herbivores upon which they prey reported at large, ts cefinit 
The extermination of predators is no ward ultimate extinction in thosé 
r a strictly economic problem, for In 1926 the Biological Survey rey 
her factors have entered in, factors of | no wolves in Arizona, and recent 
scientific, recreational and esthetic value. from other regions indicate a s 
With the fast-growing appreciation of scarcity. In the Middle West and 


the true meaning of wilderness, we are only occasionally, is a specimen rec 


beginning to question the idea of the total In the hinterlands of Canada and 


elimination ot predators, realizing that. fringe ot wilderness alone the nor 


after all, lions, wolves and covotes may borders of the lake states are a 


be an exceedingly vital part of a primi wolves that are left, and at the pi 
tive community, a part which onee re rate of depletion, the area encomp: 
moved would disturb the delicate ecologi by the Superior National Forest in 
cal adjustment of dependent types and tern Minnesota will soon meclucde 
take from a country a charm and unique 1 the remaining animals of the 
ness which is irreplaceable To go into the nited States 
a region where the large carnivores are Any one who has n 
eone, to see hoofed game with its natural ire histories of 
alertness lacking, to know above all that knows that tl 
the primitive population has been tam are not ent 
pered with, is like traveling through a other hand, 

tate. Wilderness in ; indictment 
orn hat the true observer wants proof to su 


see and with this realization dawns a new fore the purpose 
appreciation of carnivores and the role outa tew outstal 
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HUNTING ROUTES OF WOLI!I PACKS 
approximate, they are sufficiently correct found in the West. their former 
to establish the contention of this paper hold That was a quarter Of a 
My personal observations and those of | ago, and inasmuch as killing has 
erovernment rangers, hunters and trap apace since then, it 1s reasonable 
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pers, points to a present wolf population sume that only a fraction of that 


if about 250 animals « 


r one to every ten eXIStsS to day Of the 200,000 mer 
square miles of the area under considera In 1908, half were relegated to the | 


tion. This figure is not uniform for the lands of Canada or one to three s 














entire region and 1s entirely dependent miles, and half to the United Stat 
upon the concentration of game. It can one to seven square miles of the 1 
be said, however, that the number ol Ing range A recent estimate 
wolves increases in direct proportion to Algonquin National Park of Ontar 
the herbivore population of the Quetico-Superior area, g 
In view of the above estimate, it may wolf population as one to four s 
be interesting to compare the conclusions miles 
of Ernest Thompson Seton and Vernon There are, unfortunately, n 
Bailes According to their figures, the records for the Superior Forest 
original primitive wolf range on the con but it is doubtful if the original pi 
tinent was approximately 7.000.000 Lion figures of one to three square 
square miles Over this territory were would have held for this region \ 
distributed about 2,000,000 animals or we consider that the moose and ¢€a 
one to every three and one half square  oecupied the country prior to its 
miles The wolf population as late as some thirty to forty vears ago an 


1908 was estimated at 200,000 for North they as species were not nearly as n 


America, of which only 2.000 were to be ous as the deer of to-day. it 1s a safe 
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eh so that they remain very long in 
location. Cedar swamps, however, 
1y a very important part in the winter 
feeding of big game animals. Deer espe- 
y congregate in such areas not only 
+ the excellent protection they afford, 
t for the cedar twigs upon which they 
rowse. Between late December and 
April when the snow is often very deep 
i ordinary food practically inaccessi- 
one can always find deer in such 
vations. In fact, during such periods, 
leer have been known to become so par- 
tial to this food that they preferred it to 
e hay distributed by wardens of the 
nservation Department.° Wolves on 
hunt often attempt to drive such 
led animals out into the deep snow 
r slaughter but are seldom successful. 
In working such a ruse they are forced 
to exercise great caution, for once a wolf 
is caught in the well-trampled trails of 
the vard there is little chance to escape 
he sharp hoofs of its intended prey. 
The many barren, meandering ridges 
rock are of no significance from the 
tandpoint of game, but they do play an 
portant part in the technique of hunt- 
A cruising wolf will run along the 
rest of one of these open ridges, nose in 
wind, keeping watch over the sur- 
rounding country. When he tires, he 
vill often curl up to rest on some out- 
standing promontory where nothing will 
Packs have important passes 
d crossing places on these dividing 
lves where they not only meet but leave 
‘ir scent. It is from such elevations 
it leaders call the members of their 
‘ks together, and it is here that many 
nts begin. 
When the lakes and 
er, they become at once a highway for 
forms of wilderness life, and it is here 
t most of the kills are made. Usually 
ves follow the shore from which the 
Personal 1936, Mud Creek 
Swamp, Twin Lakes Swamp. 3yron Carlson, 


36, Mud Creek, Ely Buyck Road. 


\ rd 
"Ww araen, 


ape him. 


streams freeze 


observations, 


State Game 


wind is coming, investigating at the same 
time any bays which might shelter game 
When the wind them of 
inland, they leave the lake shore immedi 
ately. 
together, but in the valleys they spread 


informs rame 


On the rock ridges they stay close 


out fan like, covering the ground sys 
tematically. The instant a 
started, they try to force it back onto the 
smooth glare ice of the lake, where it will 


deer is 


lose its footing and be easily dispatched. 
Often a deer will, in spite of their efforts, 
force its way back into the timber and 
then it becomes a test of speed and endur- 
ance. If the snow is not too deep or the 
crust too heavy, the deer have little to 
fear and can usually outdistance their 
pursuers. Occasionally, if conditions are 
right, a small pack will work the relay 
system of hunting and in some instances 
actually the 
There many 


strategy of ambush 
different 
hunting and killing as there are situa- 
Wolves, 


like all carnivores, are adaptable and 


use 
are as ways of 
tions which arise in the process. 
have a certain amount of inherent cun 
ning which is brought into play to combat 
the natural stand be- 
tween them and their food. Pack leaders 


obstacles which 
are those individuals which have demon 
strated repeatedly their ability to provide 
their followers with game 

Perhaps the favorite hunting grounds 
for all wolves are the fringes of swamps 
These 


alive with mice, voles and 


alder-grown grassy margins are 
rabbits, and 
can always be depended upon to furnish 
something in the food. Single 


wolves or pairs most often frequent such 


way of 


small game areas. Packs seldom include 


them in their foraging, as they are out 
for bigger game. Lake shores and the 
borders of creeks and brushy gullies come 
under this category. It can safely be 
said that outside of the movements of the 
packs themselves during the winter sea 
son, of the actual 
wolf family is 
within easy range of their dens 


most hunting of the 


done in such locations 
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ORGANIZATION AND RAN finds this repeated for several y¢ 
PAcK very little variation, he will n 

Packs varv in number from five to @S8Sume that such a trail is an 
thirty, the smaller group being by far and part of the pack’s hunting ha 


the most common A pack of eighteen cedure. He will later find, to | 
was seen on the Stoney River in 1918 faction, that the same identica 


\ De niey and one of twenty on Crook “| circled some ten miles away to U 


Lake in 1922 (Linklater Less than six and by further checking with o 


is usually the case. These small packs, 1 the north and south he will d 


that his route lies in almost p 


most often seen crossing the open lakes 
with that of the observers. Then 


in midwinter, represent as a rule a pair 
of old wolves and their surviving pups. reasonable proof of the existence 
Wolves sometimes kill big game while Of the circular routes designated 
hunting alone, but most of the actual ™ap. It is sometimes necessar} 

. alata > sPeIre : . sraAral 
killing is done either by the members of Tetat the observations of severa 
last season’s family or, in the ease of order to tie in a pack route, and alt 
large packs, by several families which there is some room for conject 
have banded together. 


Such hunting units may travel from 


there always is in determining gat 
predator behavior), such inforn 

twenty to forty miles a day and are some- in the author’s opinion as scient 
times found as far apart as Knife and sound and based on observable 
Crooked Lake, a distance of thirty miles, 
on consecutive days. Ordinarily, they 


anything that could be worked o 
laboratory, the only difference beir 
have a beat which they cover every two here the laboratory is too big to 
or three weeks and a trapper who knows “@SY checking . 
the route of a pack can bank on the pos- Once the route of a pack is kn 
sibility of its appearance in a certain members can be trapped quite ea 
locality regularly. The method a trapper they =e the same old trails in ¢1 
employs in determining the route of a rocky ridges and —— trequent 
pack usually runs along the following ‘S@™¢ Coverts of game, and in eve! 
lines. While trapping in a certain area 
he will probably see the trail of a pack 


leading over a ridge. He will then follow 


stance show a decided prefere 
familiar terrain. One such pass 0 
summit of a great divide just south « 


2 ——— Kawishowa River has bee “apped st 
it for a number of miles over lakes and . : ' - ) aun chats " trapped 

. ly DY ne lone tri er *" vears } 
through valleys. For some three weeks wl x a — “a 4 . 
: Th . , ey). “very three weeks the pa 
not a sign of a wolf will be seen, but then ‘ . . I 


he will suddenly find them back over 
When he ‘Pot on the trail that they have use 


turns, always crossing the same ident 


approximately the same trail. : 
2 renerations. 
6 Organization and range of pack are based : : 
yon: No. Game wardens during the mont! 
in January, 1933, (Hanson) e 

pack twenty-four separate woif tracks tr: 
Denley—Stony River, Superior Forest, 1918—18 
Linklater—Crooked Lake ‘* e¢ 1922—20 
Desannel —Snowbank Lake ‘ «< ~=yo0g—— 7 between Ramshead and Agnes 
erat i 10 »! sake VZo0 / 

» Lake 1997— 5 Within a distance of three miles 


ing north toward the Canadian b 


~ 


B 
Basswood and Knife 1928 7 Trails and range of pack are based 
B 


Surntside 1927— « Linklater, Crooked-Knife, 30 miles 
Kennedy Lake 1921—* Thomas Denley, Kawishowa and Stoney D 
Kawishowa River 1929 ¢ 1930; William Hanson, Basswood district 


Lae La Croix district 1930 sonal, all regions. 
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dently traveling alone, others in 

five to eight, all perhaps mem- 
a large loosely organized pack 
route into the 
In the Su- 
r Area there are a number of these 


yr its accustomed 
region to the north. 


te cruising trails, and each winter 
litions necessitate the organization 
the 
embers guide the new over the well- 


ks for more efficient hunting, 


n routes. 
course a pack travels is in the 
f a great, uneven circle, the diam- 
r of which is often thirty to fifty miles. 
extent of the run depends , the 
\ of 


anal 
reie 


game. If game is plenrcul, 
may be small, if searce, it may 
The 
at hunting is always easier in a 
undisturbed 
| weeks may account at least partly 


-veral hundred miles in length 


n which has been for 
the great range of some of these hunt- 


trails. 


SToraGe Hasirs* 

OW! ‘ing the period when the pack is 
eas ng there is abundant evidence that 
1 cro deer are killed than it will consume 
quent 1 mmediately. It is through this habit 
every the wolf brings upon itself condem 
rence nation, for it gives the impression that 
members of the pack do not kill for 
express purpose of food, but rather 
ved st t tisfy the blood lust of the race. Each 
er usually produces news stories of 


pack | killing, abundantly illustrated with 


SO, 


uth of t 


ident pictures of mutilated eareasses of deer or 


| used There is hardly a lake of any size 
Superior region which has not at 
mont! one ecareass to its credit, and some of 
count rger bodies of water, such as Bass- 

Vermillion Lae La Croix, 


This evi- 


KS tra and 


lly have quite a number. 


+ 
.) 


he easual observer, is conclu- 


the timber wolf kills more than 


during periods when food is 
and easy to get. Such adverse 
ige facts are from personal observa 


Thomas Denley, 1929-1930. 


publicity is respons 


additi I 


} 


clamor for 
Investigation, 


unbiased observer th: 


are purely storage 
number 
fell, evidence 
f any attempt 
purpose - 
\ seated in 
one of the primary 
There is no reason 
of the Superior 


var 


wolves 
denly ed from an as 
kill to-day 


reaso 


only be explained by the 


poisoning and trapping wl 


them suspicious of every 
even of the animals they 


down themselves during 
normal hunting. In 

kill instinctively as an act 
would return to their kills, t expe 


rience instilled in them a fear of every 
ecareass that has turned cold. During the 
heat of the ld habit of 


ter for storage purposes asserts itself, and 


chase, the slaug! 


result kills are made to-da 


as a 
which are not 


many 
used. Passing by 
same kills a night later, wolves, 
of feeding as they might be 


expt 
do, often give them a wide berth, inl 
ited no doubt by past experience 
poison and trap 

Under primitive conditi 
ary, in areas where man | 
activities felt, i 
that wolv: 
time duri 

often 

by the 
this belief 


containing a ni 


rmal p 


and wolves was left unm 
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period, evidence would soon accumulate, 
indicating that the wolves were returning 
regularly to their kills. Ability to do this 
without the danger of being caught or 
poisoned would soon restore the normal 
situation in which they would not kill 
more than needed. At the present time 
there is no question but that a ranging 
pack on the hunt, due to the fact that 
kills are not always utilized, creates an 
abnormal situation in which there is more 
actual loss of game than would be the case 
under conditions of equal sanctuary for 
both predators and herbivores. 
EVIDENCE AS TO ACTUAL KILL OF 
DEER 

During the winter of 1914, two timber 
cruisers, in a very careful survey extend- 
ing over a period of six months, counted 
47 deer carcasses in a 60-square-mile ares 
of game concentration in the Bear Trap 
River valley (Linklater). During the 
spring of 1931, 42 carcasses were counted 
in the Moose-Newfound area of approxi- 
mately the same size (Hanson Other 
similar areas, checked from year to year, 


f game abun- 


also in regions of relative 
dance, point to the general conclusion 
that kill more than 
deer per square mile and a quarter. 

The real wilderness region of the Supe- 
rior National Forest which this study 


covers, as has been stated, is approxi- 


one 
10 


nowhere is the 


mately 2,500 square miles in extent. If 


the estimate of one deer per 14 square 
miles held true for the entire region, the 
total kill by wolves would not exceed 
2,000 animals annually, it being assumed 
that very few if any deer are taken dur- 
ing the warm months of the year. Be- 
evidence of kill are 
Wiirimaa, Jack Linklater, Agnes 
December to March, 1914, 47 


Gay Gilbertson, warden, 


10 Storage count and 


Matt 


district, 


from: 
Lake 
carcasses, 6 townships; 
Newfound Lake Area, December to April, 1931, 
42 carcasses, 6 townships; J. M. Walley, super 
intendent of Chippewa National Forest, Janu 
ary, 1930, 1 R. A. 
Zeller, few, 


only 200 carcasses ré ported, 1930. 


carcass to 9 square miles; 


superintendent of Superior, very 


cause of the fact, however, that hundreds 
of square miles during the snow months 
are practically barren and devoid of 
game and that the above estimates of 
were all made in areas of game concentra 
tion, it is evident that 2,000 is too high 
A total kill of 1,500 deer wou j 
be within reason. If the wolf population 
is 250 animals, the kill per wolf would | 


figure. 


six deer per year or one deer every 
months. 


DEER AND Moose POPULATIONS 


In order that the relationship betwee: 
the timber wolf and the herbivores 
understood from the standpoint of 
influence of one form upon the numbers 
of the other, it is now necessary to arriv 
at an approximate figure as to the act 
resident population of big game animals 
in the Superior Area. As has been inti 
mated, in new and freshly logged 
burned country, such as large sect 
here represent, browsing conditions ar 
particularly favorable for the propag 
tion of deer. In view of investigations 
which have been carried on elsewher« 
the carrying capacity of forests, 


area could support rough! 
for the ( 
matie factors of snowfall and the cons 


quent loss of browsing opportunity. Any 


wilderness 


35,000 animals, were it not 


worthwhile estimate of game-carrying 
capacity must be based not on seasor 
capacity but must cover the entire year 
In view of the fact that much of the | 
is unavailable for five months of the y 
in northern and that gr 


areas during the winter season are ther 


Minnesota 


fore not only barren but devoid of pr 
tection from storms, it is safe to say t! 

the carrying capacity of this area wo 

not be much more than 20,000 anima 
From a variety of independent estimat« 
by local authorities, substantiated by pe! 
sonal extending 
period of years, the figure of 20,000, 


observations over 


one deer to 80 acres, seems reasonab 


Moose are estimated as close to 1,000 
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to 1,600 acres. Figured in larger 
units, it amounts to 8 deer per square 
mile and 1 moose per 214% square miles.” 

In order to attain a relative idea of the 
big game-supporting capacity of this re- 
n as compared with other somewhat 
milar areas, it may be interesting to 


mention the observations of others. Dr. 
(. A. Schenk advocated limiting the num- 
f deer in the Southern Appalachian 
Forest to one to 166 acres. In Pennsy]l- 
vania to-day, Henry E. Clepper states 
it the average carrying capacity is one 
to forty acres. In Europe, where 
wsing conditions are entirely different 
m those found in the United States, it 
the consensus of opinion of 
pers and foresters that it takes from 
forty to fifty acres to support a deer the 
Surveying all figures and 


game 


year round. 
estimates available, the average of one 
leer to every fifty or sixty acres seems to 
be the most common. The Superior Area 
with its young and vigorous mixed de- 

luous growth could therefore support 
a greater deer and moose population than 
it actually does, were climatic conditions 
entirely favorable. 


GENERAL CONCLUSIONS 

Proponents of predatory animal exter- 
mination base their claims on the num- 
bers of big game animals sacrificed every 
To combat and refute these 
claims it must not only be known how 
many deer and moose are killed, but how 
great a drain a herd can stand without 


year aS food. 


serious diminution of its breeding stock. 
[t becomes then a problem in which one 
set of figures is balanced against another, 
a problem in which the burden of proof 
is placed upon those who believe that 
predators have their place. 

Since the total deer population of the 
Superior Area is in the neighborhood of 

11 Deer and moose populations are from per 
1920-1936, 


with the above observers and many others over 


sonal observations, collaboration 


4 period of years. 


20,000 animals, and as authoritative re 
search has estimated they can stand a 
drain of 20 per cent. without diminution 
of adequate breeding stock, it means that 
the deer herd could stand an annual loss 
of about 4,000 animals 
deer and moose populations seem to be 


Inasmuch as the 


holding their own and in many parts of 
the forest actually increasing, it may be 
inferred that no more than this number 
are being lost each year. It may also be 
assumed that at least half of this number 
ean be accounted for either because of old 
age, disease or the fact that a large num 
ber are either killed or wounded as they 
stray beyond the refuge lines during the 
biennial hunting season. It has been esti 
mated that wolves are directly responsi 
ble for some 1,500 deer killings annually, 
which comes well below their share of 
possible 20 per cent. drain 

Those who hold that wolves will s 
mean the complete extermination of d 
and moose are still influenced by the « 
te that each wolf kills 


If this were so, and if 


quoted estin 
deer a week 
wolf population is 250 animals, 
mated, they would exact at that 
toll of 1,000 deer per month 
per year, 60 per cent. of the tot 
an absolutely untenable figure 
The presence of the timber wolf 
Superior Area, instead of being a 
is a distinct asset to big game types 
investigation indicates that the 
majority of the killings are of old, 
eased or crippled animals. Such purely 
salvage killings are assuredly not det: 


mental to either deer or moose, for with 


out the constant elimination of the unfit 
Further 


the breeding stock would suffer 
more, the wolf is a natural stimulus to a 
herd’s alertness and injects the primitive 
element of danger without which most 
big game animals lose much of their nat 
ural charm 

Large wilderness areas such as the 
Superior Forest demonstrate that sane 
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tuary can be successfully given to both L907, S. Dept 
. m . B lle. 75 
herbivores and carnivores without dan- r 
a : , ; 8 lep} enry E. 
ger of decimation of the big game types. 931. Penn. Dept. 0; 
[he timber wolf is an integral part of the Bull. No. 50. 1-43. 
wilderness community, the destruction of riddle, Norman | 


which would destroy the fine balance Can. Dept. of Agr. Bull 
) ’ ry ,* . ice 
between related forms. To eliminate as DP 
. Jour. Mammal., 8: 1, Feb: 
c 3 Goldman, BE. A. 
datory forms and the animals they prey 1925. Jour. Mammal., 6 


vital a relationship as exists between pre- 


upon, to destroy a mutual dependence, Hearings, Congressional 
means that artificiality has entered the 


Ww ilderness pieture. 
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SHELLFISH 


FOR FOOD 


By Dr. LOUISE M. PERRY 


SANIBEL, 


ither fish nor flesh nor good red 


JOHN HEYwoop 


] ad sure ¢ cove red o’er 
brass or steel, that on the rocky shore 
ke the oozy oyster’s pearly coat 
ed the living morsel down his throat. 

JOHN GAY 


mM times before history began man 
wn the value and probably appre- 
of food. 
kitchen middens found near the 


the flavor shellfish as 
ts in many parts of the world from 
and the Aleutian Islands to 
del Fuego and Tasmania, where 
ns are still accumulating, are made 
nly of the shells of molluses eaten 
f the Neolithie Age, who east the 
these refuse heaps 


4 
tests 


upon 
the bones of fish, birds and 


with 
nals. 
igh centuries of advance toward 
lished civilization, man has adapted 

s use and introduced into eultivation 
ny plants and which were 
inknown to his forbears as possible 
‘ees of food. Opportunity of choice 
superabundance of supply have de- 
d a taste both discriminating and 
ting in its demand for variety and 
‘and an appetite stimulated beyond 
requirements of need. The time- 
nored method of trial and error has 
minated a good many items from the 
lern table d’héte which 
s considered dainty and delicious. 
long since eggs of ants and 


animals 


less critical 


years are 
larvae of beetles were gen- 

regarded tidbits for honored 
ts and favored chieftains; still longer 


fat, white 


as 


e years since a hungry hunter along 
» ocean beach found and ate his fill 
i ‘‘Whale that died and foundered 


FLORIDA 


after a mont 


’ 
ni rt 


after w 


him with 


a paint 


use 
coasts and 
their f 
tige 


elation 


rests and fields 


has increased with 
f the succulent 
unique flavor of shellfi 
traveled artificia 
phere lar 

Sophisticate 

molluses as 
favorites; ma 
varieties, f1 
repugnant fT 
elers to t] e 


+ 


sometimes 


squid and the novel bonne 
eargots’’ steamed in their 
a de 


fered with lectable dr 


seasoned nnaise 


may 


parts of the w 


; 


rid where the 
betwee leCeSSITS and supply 
precariou 
and water help to maintain 
safety quantity and 
element of quality 
Throughout 
id the squid are 


food Native 


spears wade along the ¢ 


} 


whole S 


the 


captured for rmen 
oral 
? 


lair 


with poised 
reefs peering through the clear water 
an octopus partly hidden in his 
The 


accuracy, é 


spears are thrown with marvelous 


und usually with results wholly 
to the Among 
iji and Melanesian Islands and in 


satisfact ry fishermen 


the K 
fairly 


. where the nautilus is 


se creatures are taken In 


unlike the familiar cylindrical 
The traps are baited witl 
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fish, anchored in a few fathoms of water 
and drawn up to be inspected each day. 
In Naples and Honolulu, as in Bangkok 
and Yokohama, octopus and squid, both 
fresh and dried, are regular offerings in 
the fish markets. From China and Japan 
dried cephalopods are exp rted to other 
demand of their 
faraway 


countries to meet the 


oriental populations Even 


Newfoundland has a small export trade 
with the Orient in dried squid. 

In the countries around the Mediter- 
ranean Sea from Spain and Morocco to 
the Levant, eat the animals of 
the moon shell, Nattca; Turbo, the turban 
‘‘purple fish’’ which 
the Triton, 
named Poseidon 
and Amphitrite, the 
waves at will by blowing upon his conch- 


natives 


shell: Murez, the 
furnished the Tyrian dye; 
for the sea-god son of 
who controlled 
shell trumpet; Strombus, the top shell; 
Melongena; Cardita and Pholas, the lat- 
the 


because of its 


ter known in the markets as ‘sea- 
**datefish’’ 
At Key West and in 


the Bahamas the queen conch, Strombus 


date’”’ or 


eylindrical shape. 


gigas, is a staple of food for man and a 
highly suecessful bait for fish. Prepared 
in accord with various recipes, undis- 
it appears on the 


ruised or as an ‘‘a la,’’ 


usual menu, but its leathery quality and 


peppery taste do not often please the 


unaccustomed appetite. 

West Indian Negroes collect 
chitons from the rocks along the island 
cut off the muscular foot of the 
and eat it in the 
into a 


large 


coasts, 
animal, eall it ‘‘beef,’’ 
natural state or compounded 
savory loblolly with vegetables and sea- 
Pholas the angel’s 
wing, is esteemed in Cuba as we value the 


sonings. costata, 
Venus clam, and on many South Florida 
beaches the great heart clam, Cardium 
robustum, is gathered by fishermen who 
make from it a wholesome and palatable 
chowder. The herring gulls, which win- 
ter in the South, also appreciate this 
splendid Cardium. They fly high above 
the beaches with the heavy molluses in 
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their beaks, drop them to break tl 
and if the first effort is not suce 
is repeated until the shell is cra 
the impact of the fall and the ent 
ing birds enjoy their reward 
delicious sea food. 

F’our-footed animals of one kind 
that clams 
oysters are good eating. The ¢ 
southern Florida and the Keys 
fond of the oysters that grow on t! 


another have learned 


and submerged branches of the ma: 
trees and on the reefs in shallow 
that these molluses are known loe 
Up in the B 
Fundy herds of pigs used to swa 
over the flats at low tide to r 
buried At the turn of t 
they turned too, and ran squealit 
life to keep ahead of the 


**e00n oysters i 


clams. 


dear 
water. 
and at P 
Ensis, 


little ecoquina clam, Donaz (in si: 


In southern Florida 


the slender razor clam, 


one of the smallest of it I 
The fort 


visitor to these coasts who is served 1 


weicht 
are considered delicacies. 


a bowl of coquina broth is introdu 
a new and unique flavor. He will 
ably take a few eans of the broth 
with him. 

All the Atlantic seal 
around peninsular Florida and int 
Gulf of Mexico, common clams of s 


along 


varieties are high in popular esteen 
the North, the old Indian nam 

hog’’ still means the hard-shelled V+ 
mercenaria, the money shell from w 
purple and white wampum were ! 
and whose small ones are the ‘‘litt! 
clams,’’ a name supposed'y derived 
Little Point, Island. The 
shelled ‘‘manninose’’ is Mya are 
It has been abundant from Pleist: 
times up to the present. A 
beach station along the North 


Long 


ing generations of this molluse. Spis 


‘é 


solidissima is the ‘‘surf clam’ 





eongel 
Atla { 


coast may be almost paved with succe 


of the N 





varm 
r 
-) 
aling 
le Tis 


ortu) 
ved wit! 
luced t 


th awi 


sabi 








rland coast, not generally liked; and 
ts smaller southern variety is not eaten 
save by other creatures of the sea. 
Cherrystone’’ is a name to conjure up 
l ‘ul recollections of tender clams 
rved icy cold on the half shell. In clam 
ters at Wachapreague and Chincto- 
ie, in clambakes on the Jersey coast 

| Long Island, steamed or in chowder, 

is a joy to the epicure, it is second only 


oyster. 
Of the west eoast of Florida, south- 


ward from Marco Pass, are the most 
extensive clam beds in the world; and the 
nearby little towns of Marco and Caxam- 
s receive the shellfish brought ashore 
n bargeloads from dredges which oper- 
a few miles off shore. These clam 
s are protected by the government, 
nd it is unlawful to take clams of less 
a specified size. 
On the Pacific coast enormous num- 
rs of ‘‘sea ears,’’ Abalone, are taken 
m their rocky habitat between high 
ind low water marks. The animals are 
moved from the shells, strung on 
rds, dried and sold to oriental pe yples 
ving on both sides of the Pacific, while 
he beautiful iridescent shells are exten- 
sively used in the manufacture of sou- 
venirs and novelties. Farther north the 
great clam, Panopaea, which passes its 
» buried in the sea bottom of the inter- 
tidal zone, is said to sell in the markets 
Califor- 


Seattle at a dollar apiece. 
nia’s ‘‘flat clam’’ is a Semele, and the 

d-water-loving species, Glycimeris 
jenerosa, is the ‘‘geoduck,’’ an important 

m in the food supply of the Northwest 
Coast Indians. 

The great Tridacna gigas of the far 
Urient, not uncommon on the Great Bar- 
rier Reef of Australia and on to the 
Solomon Islands, the Moluccas and the 
Philippines, is not only the largest of 
ving molluses, but it also attains to 
man’s age of threescore years and ten. 
One clam will yield twenty pounds of 
edible flesh, and the huge bivalve shell 
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may weigh five hundred pounds. The 


British Museum has two specimens 
single valves which weigh respectively 
one hundred and fifty-four and one hun 
dred and fifty-six pounds. The pure 
white, beautifully scalloped and deeply 


concave valves have been used in 


churches as benetiers for holy water 
St. Sulpice in Paris has one—and as 
basins for garden fountains 
Whelks of the family Buecini 
eaten as a matter of course 
Isles, and nearly every fishmonger’s shop 
in London and around the coast offers 
periwinkle ready cooked in its shell a 


*‘tuppence the pint.’’ Tiny cockles are 


steamed and served with a shake of pep 
per and a sprinkle of vinegar to be eaten 
on the spot or carried away Great 


Britain’s ‘‘gaper’’ clam, allied to the 


genus Mya, is not valued as food. Nor 


Is the channel] abalone, Hal ytis tuber 
culata, the ‘‘ormer,’’ presently consumed 
in the Channel Islands where it was once 


quite generally eaten. 


Mussels are also consumed in quant! 


ties in Great Britain, but are not culti 
vated for market demand as they are on 
the French and Belgian coasts across the 
English Channel, where mussel farming 


is practiced on a large scale and by a 
modification of a method said to have 
been devised by an Irishman who was 
shipwrecked on the coast of France in 
the year 1235. He set nets attached to 
stakes for the capture of sea birds, but 
soon found that the mussels which at 
tached themselves to his stakes afforded 
a more nutritious and palatable prov 
ender. Mussel culture by the ‘‘bouchot’’ 
method, as practiced to-day, has devel 
oped from Irish Walton’s primitive nets 
and stakes. The mussels which were life 
saving food to him have become the 
foundation of the justly famous ‘‘Soupe 
au Moules.’’ 

France and some other parts of Eu- 
rope have their ‘‘escargotieres’’ or snail 


gardens, where snails are bred and fat 
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We have Pliny formula was tried with full faith a 
‘or the existence fidence in the writer’s little gir 

farquinium, in With the help of an old colored 
, and Pliny a black snail was found, the warts 

es, chides a well rubbed, and the small gi: 

going off to eat sea urchins, round and round the house chanti: 
and oysters when he had agreed magic rune. The snail’s shell was ta 

to dine with him on three snails, two eggs with thorns to a yellow rose bus! 
and a lettuce apiece, with mead, snow’ when the shell was empty the warts 
and barley water, olives and beet-root gone and forgotten. 

with gourds and truffles The tender and delicious seal 


I ri » tel] | j probably more esteemed In he | 


7 States than elsewhere in the world 
rimps and Afric though its range of distributi 
: his vigor fails. throughout the Seven Seas. The G 

St. Lawrence and the Labrador 

practice in Horatian have the great northern scallop, P: 

is associated with Pliny’s advice twunicatus, peculiarly delicious but 


the dose of ‘‘an uneven number of very abundant. The Atlantic 


snails’? as a remedy for coughs and species is Pecten irradians, and 


stomachache: and with his eure for head Gulf of Mexico lives its southern 


ache. wl ich was a plaster made of de- rener, Pecten dislocatus. Both S] 


capitated slugs applied to the forehead. are so much in demand that 


t has b 


Belief in the efficacy of snails eaten alive profitable to substitute for the firm, 
and whole, or boiled in milk or wine as_ ing-white muscle of the true scallop 
a prophylactic and cure for consumption, corresponding part of some other 


asthma, corns, ague and dropsy, persists’ luse, notably Afrima, and even to pu 
to present times among some isolated out with a specially devised instrur 
| 


peoples whose unfortunate weaklings are appropriately-sized pieces of flow 
of snails as a tonic and other dry and white-fleshed 


y 
i 


given daily doses 
treatment. Still more astonishing is the The true scallop is the adductor mus 
statement that emulsified snails have of the bivalve. whose function is to d! 
been most suecessfully used in the manu together the two valves of the shell 


facture of synthetic cream! maintain them in apposition. Only 
From the England of George the muscle is used for food, all other part 
Third a cure for warts, which was old of the animal are discarded. N 
even then, was brought to America, and Seotia’s scallop industry employs 
may still be in use. A snail with a black special fleet of boats and sends thi 
shell must be found and rubbed on each fourths of its annual catch to New 
wart separately, the while saying the (jijty. 
magic couplet There is evidence that the scallop 
lifespan is from two to three years. 5 


rt, wart, on the snail’s shell black, ; ; 
al ual maturity is reached in a year, 


Go away soon and never comé ck 


one individual scallop may be respo1 
Then the snail must be placed upon a_ ble for more than a million eggs d 
branch of tree or bush and tacked down charged into the water at one spawn 

with as many thorns as there are warts The eggs are spherical and measure « 
to conjure away. As the snail dies and _ six thousandth of an inch in diameter 


disappears the warts will vanish. This Fresh-water shellfishes are generall) 
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ind insipid, and have never been 
is desirable foods, except in 
tances where necessity rather 
ce must be considered. The 
mussel, Anodonta edulis, is eul- 
r food in some parts of China. 
natives make use of their river suggests a contrast in bull! 
some extent, and in some of the The European oyster, 
nd West Indies the natives eat the is native from Norway t 
s of their streams; but the prin- market demand is; 
man has made of fresh-water from artificiall: 
s is the utilization of the nacreous in shoal waters along the 
their shells for the manufac-_ ostreiculture culminated in N 





buttons and other small articles the production of that speci 
ty and beauty. the epicure, the “green 0} 
the different varieties of shell- pedigree as a delicacy with 
d to gratify an appetite for back at least to 1713, when 
and delicate flavor, the oyster ; are luxury at a banquet 
isily at the head of the list. As an ambassador to the Hagu 
the first century B.c., a cer The British Isles have exter 
nan, one Sergius Oratus, culti- banks in the Thames est 
ysters on a large scale asa money- farms at W! 
venture. His nurseries were in along the Er 


ine Lake, not very far from burgh in Seotland, and 


and the delicacy of his oysters was 
lered to be so superior that those 
from other beds in Italy, and 
m faraway Britain, were put in 
varia’’ to aequire the Lucrine 


» Luerine beds of old Italy, cer- 
alities in America are to-day 
is for the flavor of their oysters. 
s, Chesapeake Bays, Cotuits, 
‘eagues and lLynnhavens, all 
‘ir partisans who declare that 
r favorites surpass those of any other 
ls. In the far South it is believed and 
nchly maintained that those oysters, 
grow naturally on the aerial roots of the 
ping branches of the mangrove humble 
when eaten freshly roasted in the cast or 
s of a campfire, excel any Bluepoints 
r served in the half shell on ice in a 
tropolitan restaurant. 
ming ihe indigenous, small and thin-shelled 
re ol icie oyster, Ostraea lurida, has only a 
reputation, and has never reached 
mmercial importance of its Atlan- 





THE SCIENTIFIC MONTHLY 


to keep the votive candle burning. No they happen to be when this ¢| 
doubt this is a survival of ancestral eus-  oecurs. 
tom before the Reformation, perhaps Their rate of growth is rapid. 
brought from the shrine of St. Iago in microscopic smallness, within a y 
Spain. diameter of an inch has been att: 
In the year 1675, during Charles the and this rate of growth continues { 
Second’s reign, a certain Mr. Walter third or fourth year. Subsequent 
Tucker, of Lyme, Dorset, was billed and crease takes place more slowly, but 
subsequently paid for: roughly speaking, an oyster is as n 
ilies years old as its shell is inches wide 
years develops an oyster to its suc 
100 seallops best, but the natural span of life is 
300 oysters lieved to be about ten years. Reprod 


6 crabs 


50 oranges : tive activity commences about the tl 
year, and it is estimated that each 
vidual oyster produces from thre 
dred thousand to sixty million y 
most of which, however, do not es 


**Proud Preston,’’ in  Laneashire, 
boasted for seventy years of its 7h )yster 
and Parched Pea Club.’”’ Records of the their many enemies to reach the per 
of maturity. 


club for the year 1773 name among its 
Oysters are said to grow best in mu 


staff of officers one called ‘‘Oystericus,’ 
water and to breed best in clear w 
The tidal alternations, bringing in 
water from the open sea and drair 
from flats and bayous water rich in s 
ment and organic matter, seem to prov 
the happy medium in which the Atlant 
species, Ostraea virginica, attains per 


to whom was entrusted the responsibility 
of looking after the oysters, which at that 
time were sent by ‘‘fleet’’ from London. 
From April to August is the spawning 
time of the oyster in temperate latitudes. 
During this spawning period the oysters 
are said to be ‘‘in the milk’’ and are unfit 
for food. Here is the origin of the ban tion. 
upon eating oysters during the months Not only in infancy is the oyster beset 
which do not include the letter ‘‘r’’ in by enemies. All through life it es 
their spelling. In the South the spawn- only by good luck from the attacks 
starfish and of such predatory, carr 


ing process commences earlier in the sea- 

son, but in any latitude warm weather is O0rous molluses as the oyster drills, w! 
absolutely essential to the survival of the 
**spat,’’ as the newly hatched young are 


play so much havoe in the oyster b 
that special nets and dredges have beet 
devised to capture these active invad 
Where oysters and mussels grow 
gether, the oyster must wage a consta! 


ealled. 

For a time the young oysters swim 
freely about, and during this stage of 
their lives they are a part of the drifting passive fight against starvation and suff 
multitudes of tiny creatures which form cation, usually to its own discomfiturs 
the basic food of all animals that live in since the beds are often smothered by 
the seas. Very soon the little cilia, or rapid overgrowth of their unwelc 
hairs, by whose movements the young neighbors. The parasitic boring spong 
molluses are able to swim about, are lost, Cliona, burrows into the oyster shells 
and the baby oysters settle down to pitting them with small round holes, a1 
sedentary life, becoming firmly attached forcing any unfortunate oyster to expe! 
by the left, or under valve of their shells all his energies toward maintaining 
to some solid object in the water where _ shelter for his soft and defenceless bod) 





SHELLFISH FOR 


loes this inventory complete the 
of creatures which prey upon the 


pless oysters. Disease attack 


m, birds prey upon them, small ani- 


germs 


ils and fish eat them, and man himself 
e arch enemy of all. 

Oyster culture in the United States 
was estimated at the turn of the century 
to have a value to growers of $14,211,713; 

give employment to more than 60,000 

ple during the shucking season, and 
life is he produce about 26,453,146 bushels of 
ysters, principally for home consump- 
About 40 per cent. of these oysters 

ie from natural beds. Chesapeake Bay 
s the most productive area, with Long 
Island Sound taking second place. Bal- 
timore is the most important center of 
listribution in the country, but New 
York City consumes the greatest quan- 
tity and has a considerable export trade 


ues to t 
quent 

but quit 
; as 
ide. Fiy 


succulent 


man} 


teprod 

the t] Ird 
ach ind 
hree h lr 
n 
Ot escean 
he peri 

in muddy 
ar water 
> in clear 


Europe. 

Throughout the Japanese Archipelago, 
Ostraea cuculata thrives abundantly in 
beds in shallow and brackish 
The adjacent deep waters pro- 
luce the great-sized Ostraea gigas. Mol- 

scan culture both for food and pearl 
production has been carried to a high 


draining 


natnr 
) a ural 


h in sed 
) provide water. 
Atlanti 


S pert 


ree of development in Japan and is 

an important industry. 
tacks No one ean tell an epicure how best 
~ earnis to prepare No than 
rty recipes are contained in one very 
ld cook book, and ‘‘The Cook’s Oracle,’ 
lable both in Boston and London 
than a hundred years ago, has this 


ter hese T 


; ‘ 
escape Ss 


his oysters. less 
Is, whiel 
ter beds 
ive been iva 
nvaders 
row t0- 
constant 
id suffo 
mfiture, 
d by the 


welcome 


‘ommon people are indifferent about the man 
f opening Oysters, and the time of eating 
after they are opened; nothing however is 
important in the eyes of the experienced 

er eater. Those who wish to enjoy this 
utmost 
eat it the moment it is opened, and with 


ous restorative in its perfection 


sponge, 
> shells, 
les, and 
expend 
ining a 


3S body 


FOOD 


in the under shell: if 
Alive, its and 
The true lover of an Oyster will 


its own gravy 
while absolutely 
lost. 


some regard for the feelings of his litt! 


flavor 


ite, and will never abandon it to the mer 
bungling operator, but will open it him 
detach the Fish from the 


dexterously that the Oyster is hardly conscious 


contrive to 


that he has been ejected from his Lodging, till 
he fe is tie teeth of the pis ivorous G rn ind 


tickling him to death. 


This 


opinion of 


the 
than 


seems fairly to express 
connoisseurs for more 
two thousand years, and the ‘‘ piscivorous 
Gourmands’’ of our own time are re 
joiced to know that soon they may have 
their oysters in the full blush of living 
perfection, however far removed from 
the 
gational 


States 


seacoast they may dwell. Investi 
Report No. 15, of the United 
Bureau of Fisheries, by V. 
Koehring and H. KF, Prythe ren, describes 
a method, protected by patent, by which 
oysters may be narcotized before removal 
from their shells, and reawakened to full 
activity without experiencing the shock 
of the 


any injury to the soft parts 


‘shucking’’ 


process of suffering 


e OY sters 


are anesthetized in either fresh or salt 
water to which has been added a small 
such an acid as hydrochloric 
A chemieal ré 


the oyster shells releases ecar- 


quantity of 
or acetic action with the 
lime salts olf 
bon dioxide into the water, and it is this 
agent which so relaxes the muscle of the 
oyster that the shell gapes widely Dr 
Prytherch Says it may prove desirable to 


emp! Vv ethyl aleohol for narecotizing and 


his 


have shown it to be especially effective 


opening oysters, as investigations 


so where the American Indian solved this 
the 


oyster farmer may go him one better and 


problem by the use of fire, modern 


employ ‘‘firewater’’ to facilitate removal 
of the live of this deliei 


fish. 


us shell- 


meat 





SEX AND GENES 


By Dr. W. E. CASTLE 


UNIVERSITY OF CALIFORNIA 


SEXUALITY is one of the most funda- as soon as this union is accomplis 
mental and general of the peculiarities of attraction ceases to exist. It is 
living things. In each species of animal egg and sperm bore opposite e 
or plant there are produced reproductive charges, one plus, the other minus 
cells of two different sorts, which have an moment egg and sperm unite, the 
attraction for each other, so that they product becomes neutral. 
come together in pairs and fuse, and out Fertilization of sea-urchin eggs 
of the product of such a fusion develops favorite and much-studied subj 
a new individual of the species. trating this matter, since the wh 

Among animals the uniting cells are ess takes place outside the bodies 
known as egg and sperm, respectively. parents in sea-water and can be obs 
Individuals which produce eggs are continuously under the microscop 
known as females, those which produce a sperm approaches an egg, the 
sperms are known as males. Other dif- protrudes a little elevation of its su 
ferences between the sexes are secondary toward the sperm, and into this t] 
and dependent upon the primary differ- of the sperm penetrates. Instant 
ence, egg production or sperm produec- eggs loses its attraction for spern 
tion. Such secondary differences arise secretes a superficial membran 
largely through the action of the hor- serves effectively to exclude other s] 
mones, chemical substances which are The pronucleus of the egg still ret 
produced by the same body structures nevertheless, an attraction for a s 
which produce the eggs or sperm and pronucleus into which the 
which substances profoundly affect the sperm has metamorphosed. Thes 
constitution and behavior of the indi- pronuclei come together within 
vidual and fuse, and out of this fusion nu 

In plants as well as animals there are the new individual which develops 
produced two kinds of reproductive cells, the egg derives its nuclear mater 
which we may call male and female, 80 its inheritance from its two pare 


respectively. In some species they are equal measure. 


produced as in animals, by male and In the fertilization of a sea-urchir 
female parents, respectively, but more as just described, we must careful 
frequently in the higher plants the same _ tinguish two processes of attract 
parent produces both sorts of reprodue- tween male and female elements: 
tive cells in the same flower; what corre- the attraction between egg and sg] 
sponds with the sperms of animals being which is extinguished er satisfi 
produced by pollen grains, and what cor- moment a sperm enters the egg, 
responds with the eggs of animals being you prefer so to state the case 


produced in the ovary of the flower. ment the egg captures a sper 


But whether we are dealing with ani- oOndly, there exists an attraction 
mals or with plants, there is found to egg nucleus and sperm nucleus wl 
exist an attraction between the male and later extinguished or satisfied when 
the female reproductive cells in each nuclei have united and intermingled t 
species, so that they strive to unite. But substance. 

344 
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an alluring but possibly fanciful attra 
to regard these attractions as_ by tl 
n opposite electrical charges nucle 
are neutralized when a union is 
shed, though it may well be 
rather than electrical differences 
rm the basis of the attraction 
or something analogous to it actu- 
xists, we can think of the sperm and 
‘leus which it earries as both nega- head 
arged, whereas the egg and its them 
pronucleus are _ positively 
or vice versd. These opposite 
s serve first to bring the sperm into 
egg, when the egg-sperm differential 
disappears, then to bring the two 
‘lei together, after which the nu 


differential charge disappears and 


‘usion nucleus goes on its way to 
p a new individual body. 
process of fertilization in a flower- 
plant may be regarded in a similar 
The male element in this case is a 
grain produced in the anther of a 
m. Falling on the receptive stigma 
flower, it is stimulated to rapid 
ation. Its fungus-like pollen tube 
‘ates downward through the style 
ovary of the flower, its growth 
and accelerated apparently by a 
‘e or substances given off from the 
It may have to follow a devious 
se to reach the ovary, but it does not 
| to find its way to the minute micro- 
which would admit it to the presence 
the ovosae in which an egg cell is 
iring. Again, as in the fertilization 
animal egg, one may distinguish a 
1 attraction: first, between the 
en tube and the ovosae, which is ex 
ruished or satisfied when the two meet 
may be many pollen tubes growing 
igh the style of the flower toward its 
v, but only one may reach each ovule, 
the attractiveness of that ovule 
as if its positive charge were neu 
d. Seeondly, there is an attraction 
en the egg nuétens- and a pollen 
leus which is discharged from the tip 


the pollen tube into the ovosae. This 
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offspring capable of survival will be 
produced. 

Two species of rat sometimes reared in 
captivity, the Norway rat, best known in 
the tame white variety, and the so-called 
Alexandrian or black rat, can with diffi- 
culty be crossed. Hybrid embryos are 
produced which, however, survive only 
through about half of the normal gesta- 
tion period, then perish. No living hy- 
brids have ever been produced experi- 
mentally. 

Mouse and rat, less closely related, are 
assigned at present to different genera, 
and no hybrids between them, even in the 
early stages of development, have been 
produced, although several investigators 
have attempted to produce them. 

Many years ago, in the early days of 
Mendelism, I published an essay on the 
heredity of sex, in which I advanced the 
then novel idea that sex is inherited in 
accordance with Mendel’s law, like other 
I sup- 
exists 


characters of animals and plants. 
the attraction which 
between an egg and a sperm was due to 


posed that 


what we should now eall their sex genes, 
and that only such unions would oceur as 
brought together contrary sex tendencies 
or determiners. It was suggested that all 
diploid individuals (products of fertiliza- 
tion) were thus sex-heterozygotes which 
had inherited maleness from one parent, 
femaleness from the other, and would in 
turn transmit each of these in half of its 
vametes. 

Thus there would be eggs transmitting 
maleness and other eggs transmitting fe- 
maleness; and also sperms transmitting 
maleness and other sperms transmitting 
femaleness. But only heterozygous 
unions would occur, male 
would not attract a male sperm, but only 


since a egg 
female sperm, and vice versa. 

This hypothesis proved to be only half 
true. There are indeed species, like the 
fly Drosophila and the mammals in gen- 


eral, in which sperms transmit, half of 
X-chromosome, 


them femaleness in an 
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and half of them maleness in a Y-chr 
some, but in these same species all egg 
transmit femaleness in an X-chromosom: 
which is contrary to my hypothesis t} 
both sexes are sex-heterozygotes. 

There are other species, such as 
moths among insects and birds in gener 
among the vertebrates, in which 
transmit half of them femaleness in 
X-chromosome and half of them malen: 
in a Y-chromosome, but these same sp 
cies transmit in their sperms only mak 
ness in a Y-chromosome, which again 
contrary to the hypothesis that bot 
sexes are sex-heterozygotes. 

The truth is that we must distinguis 
between the sex reaction of a gamete and 
the sex gene which it transmits. The tw 
All Sperms art 
in reaction, male and 
tracted by female gametes, eggs, but 


may or may not be alike. 
gametes are at 
the case of mammals only half of 

male 
female sex gent 


+ 


sperms transmit a sex 
other half transmit a 
On the other hand, the eggs of mammals 
which in their sex-reaction fema 
regularly transmit also a female sex-gen 
Thus the offspring of mammals are s 

of them male, of them female 
their sex-reaction as individuals and 
the the 
they produce, but in the sex-genes whi 


re e 
gene, 


are 


some 


sex-reaction of gametes wil 


they transmit in those gametes, sperms 
are of two sorts, male producing a! 
female producing, respectively, wherea 
all eggs are female producing. 

My original hypothesis, that sex inher 
tance is Mendelian, has proved correct 
regards one important feature of Me 
delian inheritance, dominance. When 
sex produced, one 
which contrary sex tendencies are unit 


heterozygote is 


the character of one sex dominates, to t 
exclusion of that of the other. Thus 
Drosophila and mammais the sex heter 
zygote is a male, that is, has a male sex 
reaction and produces sperms, maleness 
being dominant, femaleness recessive. 
On the other hand, in birds and moths 
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ileness dominates in the heterozygous 
ex. which is female in sex-reaction and 
ramete production, maleness being reces- 
ind expressing itself only in homo- 

tes, males. 
» two radically different systems of 
determination found among animals 
» thus seen to differ fundamentally in 
matter of dominance, 1.e., as regards 
relative strength of the sex genes. In 
nammals maleness is dominant, and the 
netic determination of the sex of off- 
ng rests with the sperm; in birds 
ileness is dominant and the genetic 
termination of the sex of offspring rests 

the egg. 

Among fresh-water fishes, both systems 
sex determination oceur in different 
ies of the same genus, and it is possi- 
to eross these. An instructive study 
reciprocal hybrids within this group 
as been made by Dr. Bellamy on the Los 
Angeles campus of the university. He 
ossed Platypoecilus maculatus in which 
femaleness is dominant with P. variatus, 
which maleness is dominant. Using 
female of one species in making the 
‘oss, offspring of both sexes were pro 
Using the female of the other 
only male offspring were pro- 


[he cross which produced only male 
Tspring was made between the sex- 
Using X to 
lesignate female sex-gene content and Y 


mozygotes of both species. 


designate male sex-gene content, we 


may express this cross thus: 


parent (egg # parent (sperm 


producer ) producer) 

XX YY 

sperms all Y 
The zygotes which result are all XY 
and male, maleness dominating and thus 
licating male dominance to be the rule 
when the special strong genes of each 

species are not present. 

In the reciprocal eross both parents 
were sex-heterozygotes, maleness being 
parent), 


lominant in one (the male 


# parent (sperm ~ parent (egg 
producer) producer ) 
XY XY 
Zygotes a, ace 2 a 
. aa * 
° , 
or 
intersex 


femaleness in the other (the female 


parent Four kinds of combinations 
are theoretically possible. One will be a 
(XX), 
The other two 
will be heterozygotes. The combination 
XY will be male in sex differentiation, 
since, aS we saw in cross 1, when a weak 
X is combined with a weak Y, the latter 
dominates. What will be the sex of a 
strong X combined with a strong Y has 


not been experimentally determined, but 


homozygous female another a 


homozygous male (YY 


we should expect it to be either male or 


an intersex. It would appear accord 
ingly that this cross between sex hetero 
zygotes of two species differing in regard 
to sex dominance should produce chiefly 
male offspring, which was actually the 
result observed by Bellamy. 

When do eggs and sperm acquire their 
respective plus and minus qualities 
which cause them to attract each other? 
It was formerly thought that this oe 
curred at the maturation of the 
reduction 


rerm 
cells, when they pass by a 
division from the diploid or 2 n state in 
which each sort of chromosome is repre 
sented in duplicate, to the haploid or n 
state in which only one of each sort of 
chromosome is present. It was thought 
that the haploid state was itself a pre 
requisite to sex attraction on the part of 
But this idea was shown to 


be erroneous when the Marchals were able 


the gamete 


pe oA 


in the case of mosses to induce the forma 
tion of gametes both by diplo d or 2 n 
tissues and also by tetraploid or 4 n cells 


Subsequently, both in fl 


‘ 


wering p an 
and in animals, gametes with two, three 
or more sets of chromosomes have been 
produced by various agencies, especially 
by subnormal or supernormal tempera 


tures eold or heat), the effect of which 
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has been to induce an uncompleted cell 
division, in which chromosome splitting 
occurs without the usual separation of 
duplicated chromosomes into differ- 

s. The result is the production 

with double the normal chrom: 

some number which is capable of devel 
oping into a gamete. If such a diploid 
gamete unites with a normal haploid 
gamete, a triploid zygote results, in which 


, 


each sort of chromosome is three times 


represente d And if tw diploid vametes 


‘ther, a tetraploid (4n 

resul 
thus are shown that development 
yposite and attracting qualities 
of gametes occurs whenever gametes are 
formed, irrespective of the number of 
chromosomes involved. Sex attraction is 
accordingly a somatie (cytoplasmic) dif 
ferentiation involving the development 


if ont 
OF Op} 


posite or characteristics in two 
classes of cells, the chromosome numbers 
of which, though normally haploid, may 
be diploid, triploid or irregularly hap 
loid, with one or re chromosomes in 
duplicate or al ler wanting, condi- 
tor ; ; + Or a 
n—2, 

Hoy is the somatie character of a 
gamete determined, 1.é., its sex reaction 
in distinction from the sex-gene which i 
transmits? Its somatic character is in 
agreement with and presumably deter 
mined by the sex of the parent which 
produces the gametes. A female parent 
produces eggs, a male parent produces 
sperm. But the sex of the parent indi 
vidual itself was determined in the previ 
ous generation by the sex-gene content of 
gametes which united to form that parent 
Only one seeming exception to this rule 
occurs to me. This is found in the case 
of hymenoptera, among the insects, in 
which the influence of the gametie nuclei 
is always female, never male. Yet male 
individuals are produced among the hy 
menoptera which furnish sperm for the 
fertilization of eggs. Such sperm, how- 
ever, transmit only a female influence in 
the sex determination of offspring. They 


are only somatically male. How d 
vet that character? They devel 
unfertilized eggs and so conta 
nuclear material derived fro: 
mothers, and this is female in its 
eontent. It must be, therefore, 
sex reaction of individuals which 
from unfertilized eggs is due to 
ture of the egg cytoplasm, rather t 
nuclear content. They are somat 
and produce sperm, but the nuel 
tent of those sperms has a fen 
fluence on the sex of offspring, sine 
all fertilized eggs females develop 
male somatie influence of the egg 
plasm is accordingly contrary in 
to the nuclear influence of the eg 
it is strong enough to more thar 
that influence when the egg rema 
fertilized, so that a male ind 
results. But if the egg is fertill 
a second nuclear influence, tha 
sperm, 1s added to the likewise 
influence of the egg nucleus itse!l 
their combined female tendency 01 
ances that of the egg cytoplasm, 
female 1S produced. 

We must then, in the case of 
menoptera, recognize the cytopla 
the egg as an agency in somatic sex 
mination equally important with the 
genes carried in chromosomes. 

rhis is theoretically important, s 
shows that cytoplasm as well as ¢ 
somes may function in heredity, cont 
to the commonly accepted idea t!) 
inheritance is through the chromos 

eell nucleus. That non-ch 
somal heredity is a reality is show 
by the work of Little and his ass 
on the inheritance of susceptibilit 
cancer in mice, in which materna 
fluence is much greater than pat 
influence, being rated by the auth 
more than six times more influer 
also by the demonstration in mic 
rabbits in my laboratory that 
fluence of the mother is greater than 
of the father on the body size of offsp1 
a finding which is supported by a 
result obtained by two other investigat 
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s crosses of amphibia differing in 


we oldsters took the general 

urse thirty or more years ago, 

ere several groups of animals and 

known to reproduce sexually and 

lich de + among which no somatie sex differen 
> to the 1 n was known to occur, either among 
her tl rents or among the gametes which 
matic } produced. This made it all the more 
ucle ss for me to hazard a guess that all 
fema es uniting in pairs were of opposite 
Since f; x, but ignorance and youth are always 
elop 7 rageous, and, as it has turned out, 
» egg cyt ent investigation has greatly re 


in na | the field in which sexual differen 


l 
e egg, ; f gametes is unknown. I beg to 


than offs your attention to three significant 
emains ries in this field. 
indi \| the time that I was speculating 
tilized paper about sex, I had as a pupil in 
that reneral zoology course a graduate stu 
ise fer t from the laboratory of Professor 
tself, 1 nd Thaxter. He was working under 
xter’s direction on the sexual repro 
n of the bread moulds and made 
important discovery that they are 
lly dimorphic. The bread moulds 
ng been a classic laboratory exam 
which to demonstrate the forma 
f zygospores, ?.¢e., sexually produced 
by union of the tips of the thread 
hyphae of the fungus. But it was 
wn to be tricky material. It was easy 
rh to grow the mould on stale bread 
moist and warm and to obtain quan- 
omosomes f the asexual spores, those which 
n-chr not involve sexual reproduction; but 
1OWN to obtain zygospores was a gamble to the 
associat ratory instructor. Sometimes they 
ibility t form and sometimes they could not 
ernal i iced to form in a laboratory eul-  P!usness 
pate! e. Blakeslee, Thaxter’s pupil, better istinguis 
uthors as wn now for his study of Jimson pluses, strong 
fluentia \ , discovered why this is so. Mould Any plus w 


° . ° . . . ] ot} . 
nice al nts grown from single spores are of vidual, whether 


the t sorts, which Blakeslee designated union 
han that |— respectively, being uncertain which 
fFspring to call male and which female, or indeed munus an 
y a ik whether their differentiation was of this betwe: 


stigators 
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leads him to formulate a principle of afterward. Its differential charge 
relative sexuality. then ceased to exist. But there ri mains 

If Hartmann is right in this, we must an attraction between gametic m 
accordingly extend our description of sex nuclei developed in the conjugating | 
differentiation to include quantitative as A ‘‘migratory’’ micronucleus leaves { 
well as qualitative differences in sex re- body of each conjugant and passes 
action. A sex union will oceur only be- into the body of the other conjugant 
tween gametes which are different in sex unite with a ‘*stationary’’ nucleus t! 
reaction, one female and one male, or one which is probably of different sex, 
plus and one minus, or one with an excess it attracts and fuses with the migr 
of plusness or minusness as compared nucleus, after which the attracting | 
with the other. erty ceases to exist. 

Another of the troublesome problems 
of the general biology teacher, how to get 
paramecium to conjugate for class study, We are now ready to formulate a 
has recently been solved, with the disecov- tative theory of sex. Sex is primar 
ery by Sonneborn, of Johns Hopkins differentiation, electrical or otherw 


CONCLUSION 


University, that conjugation will occur the soma (cytoplasm) of gametes, w! 
only between individuals which are of brings those of opposite character 
different sex. As the two sexes are indis- gether and causes them to fuse. It is 
tinguishable in appearance, Sonneborn agreement with and may be regarded 
calls them Sex I and Sex II, rather than dependent upon the somatic character 
plus and minus or female and male, as_ the parent, being male when the parent 
one might equally well do. is male, female when the parent 


The sexual differentiation in this ease female. 


} 
is dependent on the character of the The somatic character of a parent 
macronucleus, which must be qualita- determined as a feature of the Me 
tively different in each member of a con- delian inheritance of sex-genes borne 
jugating pair. In asexual reproduction the gametes which unite to produce t 


the sex of a paramecium individual and parent. In one system of sex determina 
that of all the offspring remains un- tion found in flies and mammals malenes 
changed (since in this process the same is dominant in heterozygous unions 
macronucleus persists), but after conju- ‘eX genes, but in another system found 1 
gation (or endomixis) it is wholly a mat- birds and moths femaleness is domi 
ter of chance whether the individual has in heterozygous unions. 
the same or a different sex reaction as it An exception must be noted, in the cas 
previously had. This is because at such of hymenoptera, to the rule that sex 
times the old macronucleus disintegrates genes borne in chromosomes (apart fron 
and a new one is regenerated from a hormone influence) exclusively determin 
micronucleus, and this micronucleus may the sex character of an individual. M 
or may not be of the same sex as the old somatic differentiation of the unfertiliz 
macronucleus. egg must In this case be ascribed to a n 

In the conjugation of paramecium, as influence of the egg cytoplasm, which 1s 
in the fertilization of a sea-urchin egg, strong enough to overbalance the fema 
we can recognize a two-fold sex differen- influence of a single set of chromosom 
tiation. First there is a somatic differ- but is inferior to the female influence « 
entiation of the conjugating individuals two sets of chromosomes exerted in 
as of sex I or sex II, which attracts them fertilized egg, even though one such set 
to each other and occasions pairing. Be- was brought to the egg in the sperm, t 
fore pairing any sex I individual will somatic character of which is mal 
attract any sex II individual, but not though its sex-gene content is female. 
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THE PRESENT STATUS OF ESTHETIC 
MEASURE’ 


By Professor GEORGE D. BIRKHOFF 


HARVARD UNIVERSITY 


From a certain point of view individ- 
ual experience may be regarded as a 
succession of esthetic adventures. For 
example, in wandering upon an Alpine 
mountain side one may enjoy various 
flowers, occasionally noticing a single 
flower or cluster of flowers which is felt 
to be unusually lovely. And in all the 


ecurrences of ordinary life there are 
many similar judgments of relative es- 


thetic values. On considering this phase 

f our experience in more detail we be- 
come aware of the fact that what is 
appreciated is often some kind of unify- 
ing symmetry or other integrating type 

f order. Indeed it was long ago con- 
‘luded that esthetic quality is correlated 
with unity-in-multiplicity. Yet this 
conclusion has to be carefully safe- 
guarded in various ways; thus the mere 
repetition of an agreeable symmetry soon 
becomes wearisome if not actually un- 
pleasant. 

When I first became interested in 
esthetic questions nearly thirty-five years 
ago, I found that no thoroughgoing 
formalistie theory had ever been formu- 
lated. I felt that at the very least it 
should be possible to assess more ade- 
quately the rdle of the formal elements 
of order in determining the esthetic qual- 
ity of an object. My own theory was 
finally embodied in a book ‘‘ Aesthetic 
Measure,’’ published in 1933. The gen- 
eral program called in the first place for 
the enumeration and quantitative esti- 
mate of the elements of order making for 
unity in the object. The arithmetic sum 

1 Address before the American Science Teach- 
ers’ Association at Indianapolis, December 30, 
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of these elements was designated as the 
order O. 
sary to measure similarly the multiplicity 
or complexity C of the object. The ratio 
of O to C was called the esthetic measure 
M of the object, being associated with its 
degree of unity-in-multiplicity. It was 
hoped that in each of the specific classes 
of objects considered the esthetic measure 
M would roughly 
esthetic value. 

Of course the success of such a detailed 
program depended not only upon the 
selection of the really important elements 
of order in the object, but also upon a 
reasonable determination of its complex- 
ity. Psychologically speaking, the order 
O measured the favorable esthetic atti- 
tudes induced by the perception of the 


In the second place it was neces- 


correspond to the 


index of the number of items requiring 
consideration in the field of attention. 

I realized fully that this was a most 
daring project, and also that there would 
necessarily be omissions and other imper- 
fections in its execution even if it were 
fundamentally sound. Yet it seemed to 
me to be a step which was absolutely 
necessary if the subject of analytic es- 
thetics were to be advanced. 
Dr. C. C. Pratt has said,’ it was a ‘‘step 
which all formalistic theories have needed 
to take, but apparently have not been 
bold enough to attempt, ever since the 
days of Plato.’’ I shall feel very well 
satisfied if my work serves to point the 
way to a more satisfactory formalistic 
o a better 


Perhaps as 


theory, or even if it only leads t 
understanding of the formal factors in 
esthetic judgment. 

2See his article ‘‘Structural vs. Expressive 


Form in Music,’’ Jour. Psychol., 1938. 
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Having thus set down an empirical 
theory which was susceptible of verifica- 
tion or disproof, I awaited with particu- 
lar interest the experimental testing of its 
validity tecently a very significant 
article by Drs. J. G. Beebe-Center and 
C. C. Pratt® has appeared which contains 
the results of experiments bearing on my 
theory and involving most of the types 
of objects which I had considered. My 
purpose here will be to indicate briefly 
the kind of analysis of esthetic measure 
which I had given in these cases, as well 
as the general conclusions of Beebe- 
Center and Pratt, and to add some com- 
ments and suggestions. 

Before going further, one or two pre- 
liminary remarks concerning the concept 
of esthetic measure need to be made. In 
the first place, although the basie formula 
M=0/C may be regarded as qualita- 
tively valid always, its quantitative ap- 
plication must be limited to what I have 
called formal elements of order, in con- 
tradistinction to connotative elements of 
order. This refers to the well-known 
difference between form and meaning. 
For example, no formal theory such as 
that of esthetic measure can ever hope to 
deal with the elusive meanings which are 
present in a poem, although it might 
evaluate the musical quality. In the 
ly the elements 
of order whose presence we fee] but have 
not explicitly analyzed that please us 
most by virtue of a certain occult quality. 
This does not mean, however, that if a 


second place, it is precise 


profusion of formal elements occurs 
which we could analyze individually if 
time permitted, there would not be a simi- 
lar effect. In the third place, the theory 
of esthetic measure in no way tends to a 
mechanical view of art. For instance, a 
definite scheme of measuring the formal 

8**A Test of Birkhoff’s Asethetic Measure,’’ 
Jour. Gen. Psychol., 1937. Messrs. F. W. Swift, 
A. J. Schnittkind, H. W. Miller and Egbert 
Fischer collaborated in the experimental work 
carried out in this paper. 


beauty of a melody would not e 
to find sequences of notes which ; 
markable in this respect. After a 
would be the same difference as | 
discovering a diamond and assess 
value. 

The first and simplest class of 
which I considered was that of 
onal forms, typified by tiles set 
tical position. The positive « 
of order in O which I nam 
those of vertical symmetry, equil 
rotational symmetry and relati 
horizontal-vertical network. The 
also certain negative elements of 
which operated to diminish 
thetic effectiveness. The complexit 
was taken to be measured by the nu 
of lines containing all the sides 
polygon. For example, in the cast 
square the complexity C would be { 
and in the case of a Greek cross it v 
be eight. By way of verification 
theory I selected ninety polygons of 
ried form and arranged them ace 
to the esthetic measures M theoreti 


} 


assigned to them. As far as I eould 


there was in general a decrease in esth: 


quality along with the diminution 
esthetic measure. This judgment 
borne out by a crude experiment n 


by me while teaching one summer at 


( 


lumbia University. Before informing t 


students in a large class about my th« 
I asked them all to arrange the poly 
according to their own personal pr 


rons 


ences. The arrangements showed gene! 


agreement with the theoretical pr 
tions. It should be added that | 


structed the students to disregard as | 


as they could irrelevani connotat 
such as, for instance, the religious 
notation of the Greek cross. These 
notations were of several types. 

The first part of the study of 
Beebe-Center and Pratt dealt with p 


e 


Drs 


onal form and was based on the judgment 


of six lay observers concerning forty 


‘ 
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ninety polygons. The theoretic 
according to the formula was 
| as if due to a particular seventh 
rver B. It was found that there was 
deal of divergence in the indi- 
judgments as to the relative es- 
merits of the forty-five polygonal 
but on the whole the results were 
rmable to the theory, as will be 
by the following quotations. Of 

x lav observers ‘‘two observers agree 
with the rest of the observers than 
formula and four less well.’’ The 
ision was that my ‘‘formula for 
s has a considerable degree of 

isn It was found, 
that the results for groups of 


curiously 


ts of psychology or of art diverged 
re within the group than did those 
ed from lay observers. 
irtial explanation of a lack of 
ent between theory and experi- 
r some of the polygons may well 


I 


following fact: There are cer- 
polygons which so readily suggest 
polygons that thereby a purely 
‘tric association is established. For 
the six-pointed star will cer- 
y suggest two related equilateral tri- 
s. To offset this I had relied upon 
specific use of actual tiles in embody- 
the various polygons, for I thought 
in this way the consideration of fur- 
r polygonal forms could be largely 
away with. But I believe to-day 
it is impossible to discount this par- 
ilar type of suggestion, so that certain 
ygons must be ranked higher than the 
ry indicated. To take proper ac- 
of this esthetic effect I propose to 
troduce a further element of order P 
the formula for polygonal form, 


O V+E+R+P-F 


M=a= c 


’ 
lows: 

In ease the given polygon fully outlines 
vertices of further convex polygons 
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possessing exactly the same symmetries 
as the given polygon, P is R; otherwise 
P is O. 

This asserts precisely that the presence 
of such outlined polygons doubles the ef 
fect of rotational symmetry elg 
of the ninety polygons have their esthetic 
measures modified by this change, namely, 
Nos. 13, 23, 25, 29, 50, 51, 65 and 69 of 
my list. The rating of the six 
star No. 6 is unaffected since the 
equilateral triangles do not enjoy t 
fold symmetry of the star 

It was just this kind of change which | 
foresaw that the theory of esthetic mea 
sure would need to undergo in its special 
applications. I wish to express thanks to 
Dr. Beebe-Center in this connection, since 
the above suggestion arose in my mind 
during stimulating talks with him about 
} { 


the experiments on polygonal form 


' 
The second class of objects whic! 


sidered was that of simple vase { 
Here there was an obvious 


Tactors into three type 


esthetic 
related to utuitarian requirements, 
regularity of outline and to geometrical 
relations of the contour seen in perspec 
tive. In my theory I devoted attention 
mainly to the third type of factor. As 
far as I could determine by ec 

vase forms and by examining the 
graphs of certain ancient Chinese vases, 
the theory which I preposed was borne 
out to a reasonable extent. Nevertheless, 
I felt and still feel that the true elements 
of order are very difficult to determine 
Fifteen plane figures representing the 
contours of vases were selected and rated 
by various observers in the experiments 
of Beebe-Center and Pratt 
conelusion was of the same character as 


The general 


in the ease of polygons, namely, that for 


sé rd 


the naive observer the rmula is 
as good a test of aesthetic value as 
average observer.’”’ 

In this ease, however, the ju 
a group of seven students and instruc 
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of fine arts which were consistent among 
themselves diverged widely from the pre- 
dictions of the formula. Hence Beebe- 
Center and Pratt concluded that ‘‘the 
formula applied to vases is a good mea- 
sure of aesthetic value as judged by lay- 
men, but that it is a poor measure of aes- 
thetic value as judged by sophisticated 
art students.’’ It is conceivable of course 
that the group of seven students and in- 
structors of fine arts had become so ac- 
customed to a few accepted vase forms 
such as those embodied in Greek vases as 
to bring about a connotation operating 
against the appreciation of the wide 
variety of forms found in Chinese pottery. 

To my way of thinking, the visual field 
of geometric form so far considered is 
much less likely to be crucial for the 
theory of esthetic measure than the audi- 
tory field connected with music. In his 
paper already referred to Dr. C. C. Pratt 
distinguishes between two kinds of form 
in music: structural form and expressive 
form. According to him expressive form 
for the individual results from the use of 
a ‘‘tonal design which resembles vey 
closely the internal pattern of his own 
affective state.’’ I should myself con- 
sider it as probable that such expressive 
form is due to an occult similarity to emo- 
tional utterances of the human voice or 
other expressive sounds. Of course ex- 
pressive form would fall in the conno- 
tative realm which I excluded perma- 
nently from consideration at the outset 
as beyond the scope of any formalistic 
theory. In the auditory field I undertook 
to discuss the esthetic measure of single 
diatonie chords, of the sequences of two 
chords treated in harmony, of simple 
melody, and finally of the musical qual- 
ity in poetry. 

In the case of the chords I selected cer- 
tain obvious of order, 
upon a genetic study of the well-known 


elements based 


nature of these chords. The general con- 


dition for a good diatonic chord consists 
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in its degree of parallelism to an ordinan 
musical tone such as is found for inst 

in the human voice. The esthetic m 
sure which I gave explained adequat; 
the usual rules of harmony governing Ir 
preferences among the various diat 
chords. 

In attempting the analysis of tl 
thetic quality of sequences of two diator 
chords which forms the basis of class 
harmony, I began by taking the order ( 
of a chordal sequence to be measured by 
the sums of the esthetic measures of t 
individual chords and of a certain t: 
tion value which was determined by 
plicit rules. Thus, if one passed f: 
dissonant chord to a 
through a resolution, the transitiona 
ment of resolution was regarded as pr 
For the testing of these rules I was 


consonant ¢! 


ent. 
very fortunate in having at hand a class 
fication of all possible sequences of su 
chords in fundamental position or in fir 
inversion, which had been given by E 
Prout, a widely known expositor of 
sical harmony. He had classified all thes 
sequences into three groups, as good, | 
bad. There 
agreement as could possibly be des 
between Prout’s tables for 168 types 
chordal sequences and the theory of es 


sible or was aS com] 


thetic measure. 

When it came to the experiment 
study of such chordal sequences by Drs 
Beebe-Center and Pratt, the inter-cor 
lation on the basis of ten selected ch 
sequences was found to be very low 


deed, although the final conelusion was 
again of a similar character, namely, that 


sé 


my ‘‘formula for diatonic harmony is 
rood a test of aesthetic value in this fi 
as is the judgment of an average 
server.’’ 
own, the low correlations have to do w 

the fact ‘‘that the observers frequent); 
heard the chordal figut 
upon uncontrolled 


images, ’’ 


sequences as 


tonal backgrour 


In their opinion and in mj 


For ‘‘it is almost impossibl 


) 
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for a person with any musical experience 
at all to hear a sequence of two chords 
completely detached from an imaged key- 
setting. From this point of view the 
ratings of Prout might then indicate the 
relative richness of various chordal se- 
quences in power of entering into com- 
bination. But this would seem to me to 
be very strong evidence indeed that the 
factors which I isolated are substantially 
those which are esthetically effective. 

In the case of melody the results were 
more favorable. Five unharmonized 


”? 


simple melodies were invented and their 


measures calculated. All five 
were of the same length and rhythm. 
None of them were established melodies, 
but the first was an inversion of the 
famous Chorale in the last movement of 
Beethoven’s Ninth Symphony. Of the 
ur others the relative ranking given by 
my theory was exactly the same as the 
average ranking of nineteen students of 
These same students, however, 
gave the inversion of the Beethoven 
theme third position instead of the first 
position which it should have had accord- 
ing to my theory and would doubtless 
have received if it had not been inverted. 

A partial explanation of this diver- 
gence from the theory may be that these 
musical students recognized the inferi- 
ority of the inversion which violated the 
spirit if not the letter of a rule which I 
had formulated : ‘‘It must not be possible 
to increase the tonal order O by altera- 
tion within a short succession of notes 
say not more than four), together with 
corresponding alterations in its repeti- 
tions, transpositions and inversions.’’ In 


ect het ic 


m isle. 


fact the original Beethoven chorals is es- 
sentially derived by such an inversion, 
and has a higher order O. 

It is almost certain, however, that this 
explanation is not sufficient. Drs. Beebe- 
Center and Pratt conclude indeed that 
for melody the formula works 

y well,’’ but that the average judg- 


**reason- 
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ment appeared to be ‘‘more univocally 
determined by some factor as yet not 
properly taken account of in the formula 
of aesthetic measure of melodic value.’’ 
What then is the omitted factor? Be 
fore giving the probable answer to this 
question, it is of interest to observe that 
it was precisely in the process of con 
with formal 
rating but of inferior melodie character 
that I had previously determined certain 


structing sequences high 


factors which were overlooked in first at- 
tempts to set up a theory. In this work 
I was aided by an exceptionally intelli 
gent and musically trained student who 
spent several months trying to ‘‘break’’ 
the theory, as I had instructed him to 
At the end we both came to the realiza 
tion that it was getting very difficult in 
deed to set up an unmelodic sequence of 
notes with high rating and quite impos 
sible to find a familiar melody with a low 
rating 
Now the 


chorale referred to above proves on fur 


inversion of the Beethoven 
*her inspection to have a serious formal 
tlaw, not forbidden by the seven ‘‘further 
conditions of satisfactory form’’ which I 
had enumerated but which should be ex 
cluded by the first condition referring to 
‘regularity of pattern.’’ Let me 
this omitted requirement: 


. 
state 


The tonic note, in its first appearance 
(not imbedded within a subdominant or 
submediant sequence) must either be the 
first or last note of the melody, 
of a tonic sequence at the commencement 


or part 


of the melody, or an accented note, or an 
unaccented note within a tonic sequence 
Otherwise the tonic center is not felt to be 
properly announced. In glancing over 
about one hundred simple 
diatonic melodies in time, | 
have not discovered any exceptions to this 


well-known 
four-part 


requirement of satisfactory form 
In the original Beeth 
which with the 


notation 1 


ven chorale 


four measures* 


starts 


4In this designates the tonic, 2 


the supertonic, ete. 






































the tonic center is appropriately intro- 
duced at the first accented note of the 
third measure. But in the inversion 
under consideration, 

3321 | 1234 | 5543 | 3422/1, 


at the 
fourth unacecented note of the first mea- 


the 


tonic makes its appearance 
sure and yet is not part of a tonic start 
subdominant or 


Hence the 


inced, and even 


or imbedded in a tonie, 


submediant sequence. tonic 
center is improberly ann 
the untutored ear feels that something is 
If the 


inversion is modified in the first measure 


wrong, without knowing what it is. 
to any of the manifold alternative forms 
complying with the rule it will be found 
that the particular kind of disagreeable- 
ness in question disappears. Unfortu- 
nately, the melodie sequence loses in other 
elements of order thereby; in particular 
the third measure is no longer an exact 
transposition of the first. 

Thus this experimental melody serves 
to bring to light a supplement to my con- 
dition for regularity of pattern—the 
omitted factor. 

On inquiry of Professor W. H. Piston 
he kindly informs me that, so far as he 
knows, no similar musical requirement 
has been stated anywhere, although he 
ean think of no obvious exceptions to it 
in relevant musical works. Unless I am 
badly mistaken there are brought to light 
in my theory of esthetic measure many 
‘unwritten’ formal 
laws in esthetic fields. And it is a con- 
siderable part of my claim that the total- 


similar instances of 


ity of such laws, explicit and implicit, 
determines the esthetic judgment of form. 

One further remark may be made here. 
brought to me by Mr. 
Fischer the proposed melodie sequence 


As originally 


was an exact inversion of the Beethoven 
chorale: 
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But I pointed out that this would 1 





because it violated the condition for 
larity of pattern in its lack of cad 


For this reason it was modified by 


Fischer as indicated above, to the d 

improvement of its melodic quality 
did not go further into the matter at 
time, since the main object of the ex; 
ments was to test the theory of est 


measure exactly as I had formulate: 
[t was in the application to mu 
quality in poetry, where first experim 
appeared to indicate a definite failur 
the theory, that the clearest confirmat 
of its general validity was found. In my 
own study I had fixed upon the oby 
elements of alliteration and assonance, 
musical vowels and of rhyme, as giv 
the principal elements of order. On 


other hand, I had measured the com 


ity by the number of simple sow 
With this basis I analyzed a number 
poetic passages and found relative 
thetic measures which agreed with 1 


own Judgment and that of several pers 
In the prelimir 
experiments with poetry made by D 
Beebe-Center 
at first an almost complete lack of « 


whom I consulted. 


and Pratt there was fou 


relation between the judgments of 
various observers. It was still true, |] 


ever, that my formula agreed ‘‘bett 
with the group as a whole than any men 
ber of the group,’’ even if the agreem 

was low. Here the possibility was ind 
cated that there was a great interfere: 
the 
judgment of the intrinsic musical qual 
ity of the lines. 


On 


of poetic meaning with impart 


this account seven nonsense lines 


were constructed having esthetic mé¢ 

sures which varied from 1.16 down to .4! 
the These 
read to five persons individual] 
The first line with highest rating accord 


ing to the theory was: 


according to formula. lines 


were 


Salanta moanralume oarimely loase; 
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wn to .40 
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that 
a represents empirical aesthetic 
is it possibly could with the 


tal technique.’ fact, 


of esthetic measure. 








PRESENT STATUS OF 


ne with lowest rating was 


ik filner dinstem jeebenot. 


any ob- 


1e others was .75, which was 


formula. 


was in agreement with 
ts which had been previously re- 
although 
polygonal 
s; were apparently adverse to the 


is it appears from the various ex- 
tal findings of Beebe-Center and 
the specific formulas which | 
nstructed more or less empirically 
approximations to 
tive rankings of aesthetic value.’ 
a great deal of further work 
valuation and Test of Birkhoff’s 

en. Psych., 


ESTHETIC 


the 


the 





MEASURE 





will have to be made before the exact ex 


tent of their validity is known. More 
elaborate experiments are now he ing 
made under the direction of Dr. Beebe 
Center, in which it is hoped that the 
method of factor analysis will throw light 
upon further experimental data 

In conclusion I would like to refer to 
an interesting suggestion of Dr. Beebe 
Center’s that there may be two or more 
kinds of observers: as, for instance, the 


lay observer of objective type wl! 


sciously takes account of utilitarian quali 
ties possessed by the object ; and the much 
rarer, esthetically minded observer, who 
is influenced by accidental and variable 
connotations. Dr. Beebe-Center thinks it 
is possible that ‘‘aesthetic measure’’ may 
be more representative of the objectively 
minded observer than of one of the second 
type, to whom indeed no formalistie 
theory would be likely to apply with any 
degree of success. I must confess person 
ally to considerable distrust of the latter, 


qua observer. 








FUNDAMENTAL RESEARCH AND ITS 
HUMAN VALUE’ 


By Dr. IRVING LANGMUIR 


ASSOCIATE DIRE‘ 


THE keynote of this is the 


application of science to human needs. 


congress 


To rauge the power of science to meet 
present and future needs, let us examine 
the methods by which science has been 
used to solve problems of the past. 


MoperN Lire DEPENDENT ON 
SCIENCE 

Modern life is absolutely dependent 
on applications of science. Consider, for 
example, the conditions that would arise 
in any large city if we had to return to 
the systems that were in use a century 
ago for sanitation, for water supply and 
for the distribution and preservation of 
food! The lives that have been saved 
through the work of Pasteur, and of 
those who have applied his discoveries, 
must surely now be counted by the tens 
or even hundreds of millions. Think of 
the reduction of human suffering by 
anesthetics, by surgery, by the elimina- 
tion of diseases such as plague, yellow 
fever, smallpox, typhoid, malaria and 
tuberculosis. The steamship, railroad, 
automobile and now the airplane provide 
transportation indispensable to us. Elec- 
tric power and light add to the comfort 
and efficiency of nearly every one in 
many countries. Consider also the tele- 
graph, telephone and radio; cement, new 
metals and alloys, plastics, oil as fuel, 
ete. 

The modern increased standard of liv- 
ing has depended not only upon such 
but labor-saving 

1 Delivered by the author as 
the seventeenth Congress of Applied Chemistry 
and printed in the 
with 


things as these, upon 


a paper before 


at Paris, September 30, 1937, 
December number of Chimie et Industrie 
the title ‘‘La recherche scientifique pure et son 


importance au point de vue humain.’’ 
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ELECTRIC COMPANY, 


N. Y. 
devices and methods which have resulted 
from the application of science. Only 
by producing vastly more than our f 
fathers has it been possible for us to « 
sume more. 

Another thing of perhaps greater in 
portance that science has done has beer 
to give mankind a new outlook on lif 
The theory of evolution has done mucl 
to set us mentally free. Enough of t 
scientific attitude permeated 
of mankind to man} 
superstitions that caused much suffering 
fears that have beer 


+ 
’ 


has 
masses eliminate 
through now 
abolished. 

All these changes that have result 
from the application of science have | 
greates 
revolution in the history of mankind 
The rapidity of these changes seems to bi 
Judging fron 


in recent years to perhaps the 


continually accelerating. 
the volume of scientific publications 
the last thirty years there seems to be ar 
increase of about 6 per cent. per year 
seientifie activity, or a doubling every 
eleven years. 

Of course, such a rapid change has not 
taken place without bringing many nev 
and serious problems. Much of our pres 
ent economic maladjustment is due to a 
failure of our social organization to keep 
pace with the changes brought about by 
scientific progress. 


EARLY ProGress MADE BY INVENTORS 
AND ENGINEERS 

Until the beginning of the present cen 
tury, applications of science had almost 
always been made by inventors and engi 
neers who had utilized the stock of scien 
tific knowledge available to them 
who did not themselves contribute 


and 
t 
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Pure science was 


fundamental science. 
mainly the outgrowth of work carried on 


miversities by those who were not 
primarily interested in the applications. 


Newton, the great French mathemati- 

ims and physicists Laplace, Ampere, 
Poisson, the chemical pioneer Lavoisier, 
the great English scientists Faraday and 
Maxwell, are names selected at random 

those who laid the foundations for 

esent science. Engineers and inven- 
rs, men like Edison, Elihu Thomson, 
and have applied 
science to meet human needs, but not 
many of them made great contributions 
Pasteur is perhaps the 
most important exception. He was one 
of the greatest of scientists, and at the 
time he made applications of 
science having the utmost direct value 


\Mareonl 


Bessemer, 


to science itself, 


same 


to mankind. 


ESTABLISHMENT OF INDUSTRIAL 
RESEARCH LABORATORIES 
1900, 
research 


many indus- 
laboratories 
whose object was primarily to apply ex- 
sting scientific knowledge to the solution 
industrial problems. Only a small 
fraction of this total knowledge had re- 
eived industrial application, and it must 
have seemed to the leaders of industry as 
though the supply of available unused 
was almost inexhaustible. 
The industries felt no need or obligation 
ither to contribute to or to extend the 
fundamental knowledge; it 
necessary to develop the applications to 
their particular needs. The age, after 
|, was one of unserupulous exploitation 


Beginning about 
established 


tries 


knowledge 


was only 


natural resourees. 

The suecess of industrial laboratories 
has been so great that in 1934 there were 
said to be 1,200 industrial research labo- 
ratories, employing about 30,000 people, 

the United States alone. Undoubtedly 
the contributions of the industrial labo- 
ratories have now become more impor- 


tant than those of individual inventors 


and engineers. 


In the vast majority of cases the work 
done in these industrial laboratories is 
directed toward specific ends; that is, it 
is aimed to solve problems which are 
known to exist within the industry 

In the 
problems have been solved and have led 


past, however, a great many 
to great benefits to mankind where a few 


years previously it was not even sus 
pected that there was a problem to be 
solved. For example, there was no recog 
nized need for the telephone or phono 
graph, nor for radio broadeasting until 
these improvements were already devel- 
oped. A good example, which has forced 
itself strikingly on my memory, is that 
students of Union College, Schenectady, 
were broadcasting phonograph records 
every Thursday evening for the amuse- 
ment of their amateur listeners several 
years before any of the commercial 
broadeasting stations were inaugurated, 
and yet the officials of the General Elec 
tric Company, many of whom knew of 
this, did not realize that such broadcasts 
were of any value. In other words, many 
great and important inventions or dis 
coveries need to be thrust upon us before 
we can see their value. To expect that 


a director of an industrial laboratory 
will recognize the need for all the scien 
tific developments which may be of im 
portance to his industry is thus to expect 


him to be a superman 


ESTABLISHMENT OF THE GENERAI 
ELectric RESEARCH 
LABORATORY 
In the year 1900, Mr. E. W. Rice, Jr., 
within the General E 


established lectric 


Company at Schenectady an organized 
industrial research laboratory for the 
purpose of carrying on fundamental in 
dustrial research. It was planned that 
this laboratory should be devoted exclu 
sively to original research or to the study 
of natural phenomena in search for new 


Rice 


not content to draw from the storehouse 


facts and principles. Mr was thus 


of scientific knowledge built up in uni 
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versities but wished to have a laboratory made for a separate engineering 


in which seientifie progress could be ac- department there is great dang 


and the frontiers of knowledge the engineering research may 


extended in directions which would be such proportions as to undermi) 


] . 
celeratec 


likely to prove useful to the industry. spirit of fundamental researc! 
Such research can not usually be directed should dominate the research labor 
toward definite goals, for it involves un its proper functions are to sury 
known factors. Suecess in such research, the General Electric Company w 
if attained, is often reached by wholly been fortunate in having sever 
unexpected methods, and the problem engineering departments whicl 
which is finally solved is not the problem _ ble of taking over any problem 
which is foreseen research laboratory as soon as 
As this laboratory developed it was mate success seems assured 
soon recognized that it was not prac 
ticable nor desirable that such a labora PERSONAL EXPERIENCES IN 
tory should be engaged wholly in funda- ReseaRCH WorK 
mental scientific research. It was found [ will give you some examples fr 
that at least 75 per cent. of the labora- own personal experience to illustrat 
tory must be devoted to the development fundamental scientific work und 
of the practical applications. It is stimu without definite applications 


‘ 


lating to the men engaged in funda-_ result in discoveries that are of 
mental science to be in contact with those benefit to mankind. I want to sl 
primarily interested in the practical how, in these cases at least, the p 
applications. It is also important that result could hardly have been rea 
the engineers in the organization should a laboratory in which the workers 
be in close contact with those having the assigned definite work directed 
broader scientifie outlook. a goal. There was no one who 
Let me give an example of the useful vision to see the goal until we had 
interaction of the two groups of men reached it 
Let us suppose that through the discov When I started to work in our res 
ery of a new scientific principle or fact laboratory, Dr. Whitney, who was 
the possibility of some new application director, instead of assigning m«¢ 
is opened up. The men trained in pure definite problem, suggested that I s} 
science are usually not the men to make _ several days in the various rooms 0 
most rapid progress in the applications; laboratory becoming familiar wit! 
on the other hand, it is not possible to work that was being done by the diff 
turn the work over immediately to a men. He asked me to let him know w 
separate engineering research labora- I found of most interest as a proble1 
tory. The growing idea, like a child, work on. 
must not be weaned from its mother too [ was particularly interested in 
soon. Before the continued development work that was going on in the laborat 
of the idea can be assured in the hands’ with tungsten-filament lamps of the |! 
of an engineering staff, it is necessary for vacuum type. Much work had sh 
a relatively large amount of engineering that the higher the vacuum the be 
research to be carried out by the origi- was the lamp—that is, the less rap 
nators of the idea or those closely asso- the bulb blackened. What interested 1 
ciated with them, for only these have the most, however, were the wonderful | 
necessary familiarity with the subject sibilities opened up to the scientist 
and the deep personal interest required having a material like tungsten, w! 
for success. ecould be heated to temperatures 01 
If, however, some provision is not 3400 C. If residual gases produc 
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g resear ful effects in a lamp, it seemed to scientific facts underlying this loss 
nger that me that it was a fascinating field for in heat, | made experiments with fi 
rrow ft vestigation to study the effects produced of various sizes and found the rather su 
rmine t h different gas separately intro- prising result that a tenfold increa 
ch ¥ nto the bulb. This work was not’ the diameter of the filar t in 
aborat rtaken with a definite idea that it of a gas at atmospheric pressure caused 
rvive. | | lead to an improvement in the only a relatively slight 
we | p; it was merely done to satisfy my heat that was carried away by th 
era iriosity as to the interactions be In working with nitrogen, I 
gases at low pressures with fila- the nitrogen had a peculia 
| fron s at high temperatures, a field of disappear, and was able to } that 
s its v which, I believe, never had been was due to a chemical react by whicl 
ken before. From Dr. Whitney’s each tungsten atom which 
view it was a useful line of re- from the filament combined wv 
IN for the General Electric Company to form a compound WN el 
se it would give us increased knowl- study this reaction I needed to dete 
s from: of the type of phenomena that are the rate of loss of weight 
strate mably occurring in lamps. The filaments at different temperat 
ndert consensus of opinion in the labo- found that this loss of wi tw 
i view y, however, was that the direction evaporation, and not, as had been | 
of « t that should be followed in seeking to im viously considered, to an effect of « 
show } the lamp was to obtain a far bet discharges. When working wit! 
. pract ter vacuum than had previously been at atmospheric pressure, the rate of 
kers ¥ | worked for about three years study dredfold because of the return 
1 towar r these chemical reactions at low pres tungsten atoms to the filament after th 
o had ft sures with filaments at high tempera collided with nitrogen molecules in tl 
ad né I ;, and published several scientific vas 
rs giving the results of this work. I I had noticed that wit! tr at 
r rese : particularly interested in the results atmospheric pressure it was possible 
was ned by introducing hydrogen into maintain a filament at a temperature 
me ft amp, for this gas caused a very great to the melting point for a far longe1 
it I sper heat loss from the filament. I was able than if the filament were in a vacuuw 
ms of 1 to show that this was caused by the dis- I knew, however, that this increased 
with 1 sociation of hydrogen molecules into was more than compensated for by tl 
» different toms. In order to make sure of the increased loss of heat caused by the nitro 
now what rrectness of this explanation, I was led gen. However, the laws of heat condue 
roblem t to experiment with nitrogen and with tion which I had discovered indicates 
‘ury vapor over a wide range of that if we used filaments of very lat 
od in 1 temperatures and pressures up to and diameter carrying about 20 amp of cur 
aboraton iding atmospheric pressure. At this rent, the effect of the heat s would not 
the hn time no one in the laboratory had any be so serious his suggested the p 
ad show i that any benefits could result from bility of constructing lamps of | n el 


he bett S TAaSes, ciency with nitrogen at atmosphe! 
ss rapidl) pressure by using filaments of very large 
rested n GAS-FILLED LAMPS diameter. This led to the tenetion 


erful pos To be able to measure quantitatively of what was known as the half-watt lamp 
ientist by 


en, whl ww how much heat was carried away made by substituting a coil, so that the 


degree of dissociation, I needed to Within a few months, improvements were 


— 


ect of a large diameter filament could 


ures ovel m the filament by conduction and con- e] 
produced tion of heat by the gas. To get at the be obtained by a filament taking rela 
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tively small currents and by the substitu- 


tion of argon for nitrogen. 

[ want to call your attention particu- 
larly to the fact that there were many 
separate lines of pure scientific work 
which contributed to this successful re- 
sult. There was nothing from the prior 
knowledge that suggested that any benefit 
would result from the addition of gas to 
the lamp ; in fact, there was no lamp made 
in 1911 which would have been given an 
improved life or efficiency by the intro- 
duction of nitrogen. It required the con- 
struction of an entirely new type of lamp 
based on new scientific principles before 
this benefit could be obtained. 

As soon as we received positive indica- 


tions that an improved efficiency of the 


lamp would be possible through the use of 


argon and nitrogen, a large group of men 
in the laboratory worked on the develop- 
ment of this type of lamp. It took about 
six months of intensive work on the part 
of about twenty-five men before their 
results could be turned over to the devel- 
opment laboratories of the incandescent 
lamp factories, and it was about a year 
before these lamps were ready for manu- 


facture 


Strupy or THERMIONIC EMISSION 


As soon as this group started working 
on this problem, I began to devote my 
attention almost wholly to a study of elec- 
tric discharges in lamps containing gases 
With the high 


used in 


at very low pressures. 


degree of vacuum which was 
ordinary lamps at that time it was found 
that the electric currents that could flow 
across the space between one end of the 
filament and the other, even with volt- 
ages of over 100 volts, were only a very 
few milliamperes. This fact seemed very 
peculiar to me, for the work of Richard- 
son and others had indicated that at tem- 
peratures as high as those used in the 
tungsten-filament lamp, currents of many 
amperes should flow across the space. In 
the then- 


accepted theory of the electron emission 


other words, according to 


from hot filaments, a serious difficulty 
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should have been encountered in the 
struction of tungsten-filament 
The fact that we did not meet any 
difficulty therefore seemed to me a D 
liar fact that should be investigated 
Now, in an industrial laboratory wi 
is devoted to the solution of specific DI 
not be reasonabl 


lems, it would 


undertake an investigation to find 
why no difficulty was found in the « 
struction of lamps; there was no prol 
to be solved and therefore no need 
any work in this field. I was onl 

ested, however, in a thorough underst 
ing of all the phenomena taking pla 
lamps, so I began to make a det 
study of the laws that govern the flo 
filament 
A few days of work 


current between tungsten 
high vacuum. 
to the discovery of a new effect 

as the space-charge effect. The elect 
that escape from the hot filament r 

a definite time to cross the Space to t 
positively charged end of the fila 
and while these electrons are crossing t 
space they are repelling those that 
leaving the filament behind them, th: 
fore there is a definite limit to the curr 
that can flow with a given impressed \ 
age. If a very small amount of gas 
present, positive ions are formed wl! 
neutralize the effect of the 
charges on the electrons and thus per 
flow. This expla 


negal 


large currents to 
the arcing of lamps that occurred wit 
1000 of a millimeter. 

I was able to work out mathematica 


the presence of gas at pressures as 


as ] 


the laws that govern the flow of curr 
in high vacuum when this current is | 
ited by the effect of space charge 

ordinary incandescent lamps this eff 
limit the curren 
but by 


using electrodes very close together a 


would to a few mi 


amperes, special construct 
using much higher voltages, as I was a! 
to see from this theory, it should be pos 
sible to obtain large currents in very hig 
vacuum and at very high voltages. 

Dr. Coolidge was then working on t! 
use of tungsten electrodes for x-ray tubes 
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sual type which required the pres- illustration 
gas. The new theory of electron scientific 
] 


arge indicated that by using a_ ratory is like 
m several hundred times better and seen application 


tungsten filament as cathode, it The work on the | 


1 be possible to construct an x-ray — sten filaments in hyd 
of an entirely new type. These _ discover) 
es were constructed and developed by given 


nable 

find ont Dr. Coolidge utilizing the new principles — heat al 

the « eh-vacuum discharge. hydrogen 

probler At that time, 1912, the deForest R. W. Wood 

need had been used in detecting and _ discharge is p: 

ly inter fying radio signals. It was essen- low pressures atomic 

Reis however, in the operation of these and that this can recon 
place to use a certain amount of gas of face of metal wires and caus 
detailed it 0.005 mm pressure. In fact, the heated. My interest in this fi 
a fon were purposely made with a poor work that I had previously « 

ment im, for they failed to operate satis to see then that still greater 

work rily if the vacuum was too high. be obtained by using hydri 

. Teen se Audions were always operated at pheric pressure with a 

lectr 20 to 25 volts on the plate and at I was thus led to deve 
requit irrent of about 0.1 milliamp. They hydroger welding process 

e to t ed completely to work at higher volt- which makes possible the 

lament es because of the wasting away of the chromium steels and fa 

sing t) filament and because of the development vacuum-tight welds. Thi 


that 
1, ther 
current 


f**blue glow.’’ an important factor in the 

An understanding of the space-charge the sealed-in electric . 
enomena, however, gave an explanation which helped to adapt electric 
the fact that the Audion required the tion to domestic use 


se¢ olt 

f o . esence of gas for satisfactory operation About 1916 to satisfy 

\ whi lf the gas was pumped out of such atube, osity and with no applic 

1evative e currents were too small to be effec- I made some studies he condensa 
; pern ve, and the grid construction that had tion of tungsten vapor « elass sur 
plain been used was no longer satisfactory. By faces, and later continued work with 
ad wit sing a vacuum hundreds or thousands of mercury and cadmium, and was able to 


ae ton es better, we were soon able to operate show that 
as i0\ 


certain ideas that | been 
voltages of 10,000 volts and currents proposed by others in 


is condensat 


100 milliamp. This development, nature of th 
hich took the Audion out of the field rect. It had been m: 


t a detecting tube for radio and made_ certain temperatures 


atica 

eurrent 
is lin wane 

s application possible to the field of radio f cadmium cc 


re I 


ephony and broadcasting, was thus the 

itgrowth of experiments undertaken ‘iking the rface | bou 

ely to satisfy scientific curiosity. again. I showed thi: he phenomena 
‘here was no one in the General Electric could be better explained by assuming 
ras abli Company who was conscious of the need that the molecules or atoms on striking 
be pos f a high-powered electron amplifier. the surface always condensed, and that 
ry higl However, once we were led to the con-_ then, after a certain time interval depend 
; struction of such a device we could im- ing on the temperature, they would 
on tl mediately think of an enormous number’ evaporate off. This theory played an 


y tubes of applications for it. This is another important part in the development of 
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theories of absorption of gases on sur- 
faces Shortly this, de- 
! the construction of a mercury- 
vapor pump called the diffusion pump, 
high 


vacuum but was a pump of essentially low 


after Gaede 


seriped 
which 


gave an extraordinarily 


speed, the maximum speed being only 
about 80 ce per sec This low speed re- 
the fact that the diffusion 


through a narrow Gaede 


sulted from 


occurred slit. 
pointed out that the slit could not be 
made wider without causing a lowering 
in the the the 
work that I had done on the condensation 


speed of pump. From 
of mercury vapor on glass, knowing that 
not reflected, | 
in a position to realize immediately on 


the molecules were was 


reading Gaede’s article that the serious 
limitation in the speed due to the nar- 


rowness of the slit employed could be 


avoided by depending on condensation of 
the 


involving a simple but novel design of the 


mercury on a cooled glass surface, 


pump. This resulted in the construction 
of the condensation pump, which imme- 
diately increased the speed of the mer- 
cury-vapor pump from 80 to about 4,000 
ee per second. Again you will notice that 
it was only investigations conducted for 
their pure scientific interest that led to 
the that I 


the improvement in pumps 


have deseribed. 


MONOLAYERS AND MULTILAYERS 

The work with tungsten filaments and 
vases done prior to 1915 had led me to 
recognize the importance of single layers 
of atoms on the surface of tungsten fila- 
ments in determining the properties of 
these filaments. For example, a single 
laver of oxygen atoms would decrease the 
electron emission of the tungsten by a 
factor of 10,000, whereas a single layer 
of thorium atoms would the 
emission 100,000-fold. I recognized that 


this powerful action of monolayers of 


increase 


atoms resulted from the very short ranges 
of the forces that act between atoms and 
molecules. This view led me to believe 
that on the surfaces of liquids single lay- 
ers of molecules should also be important 
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in determining such properties as s 
tension. I was led to make investig 
of films of oil on water, and show: 
such substances as olive oil spread 
the surtace of water to form a laye! 


is Just one molecule thick. By m 
ing the area to which a given amou 
oil would spread one can thus measur 


The 


sults were published about 1918. 


dimensions of the molecules. 
very little further work in this field 
about 1931 


others had undertaken work along 


In the meantime, hoy 


lines, and some of the interpretat 
the experiments that had been made 
| believed. 


led to write a paper on the struct 


erroneous. I was ther: 


monolayers of fatty acids on wat: 
1931. 
this field. Later my assistant, Dr. Kat 
B. Blodgett, 


studies of these films on water, found 1 


This aroused my interest ar 


who was nh 


er e 


under carefully controlled cond 


using salts of barium or calcium 
water, films of stearic acid could be | 
up on a glass or metal plate in success 
layers by merely raising and lowering 1 
We | 


been studying these multilayers for 
They have led to res 


plate through a water surface. 


last few years. 
of considerable scientific interest 
find that by depositing sever: 
layers, counting the layers as we de] 
them, we can get optical effects sucl 
interference colors which enable us 
measure with great precision the din 
sions of the molecules of many substar 


It also serves as a means of measu! 


the absolute values of the wave-lengths 


x-rays. Until recently, however, we hav 
not seen how these results eould be 
rectly applied to human problems or 
human needs. 

Last December Dr. Dorothy 
visited our laboratories and asked if w 


Vrir 


could apply the technique which we | 
developed in the study of multilayers 
fatty substances to the study of proteins 
After a few days of work, we found that 
we were able to build up multilayers 
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protein on metal plates and in that 
we were able to study many new 


ties of these important substances. 
ind that if we 
im-plated brass and build up on 
layers of barium stearate and ex- 
it with the naked eye by mono- 
atic light from a sodium-vapor 
there is a sharp minimum in the 
sity of the reflected light at a definite 
field ~ of instance. If now the plate is 
‘sed for a few seconds in water con- 
¢ thorium nitrate then 
hed, the plate then becomes capable of 
x up from a solution into which it is 
substances such 


Lmount 
Pasure t! 
These r 


5S. 


howe, 
one tl and is 
ations 
ade ws ; 

there d certain 
;and many other bodies of biological 
rest. The plate can then be washed 
water and dried and again examined 
Any increase 


as pre )- 


ucture 
water 
anew 
Jr. Kat 
mak 


und tl 


monochromatie light. 
thickness due to the substance taken 
rom the solution, even if only of 

) 10 


: ‘em, is readily visible to the naked 


naitioi 
nin tl 
be bu 


1ccess 


‘ have thus evolved a method of ren- 
ng visible single layers of atoms or 
It is a quantitative method 

h enables us to make measurements 


: ( ules. 
Ting tl 


We ha 
for the 


the diameters or sizes of molecules of 
iny different substances. For example, 
dip the prepared plate into a solu- 

f egg albumen we get an increase of 
kness of 50x 10-° em, whereas if we 
deposit lip it into a dilute solution of another 
tein, the virus of the tobacco mosaic 


lundred 


such 

; sease, which is known to be a protein 

dimer ¢ a very large molecular weight 

17,000,000) there is an inerease of 
10° Each different protein 

it we have tried gives its own charac- 

istic thickness by a measurement which 


stances 

asuring em. 

ths of 
ve have 
be d es only a few minutes. 

Sort Furthermore, we find that the proteins 
is taken up by the plate retain their 
ogical activity. For example, the 
te will take up a layer of diphtheria 

xin, and then, although it will not take 

Dp any more toxin, it will take up the 


W rine! 
lif we 
we had 
vers of 
‘oteins 
id that 


rers Ol 


take a strip of 
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looks therefore 


diphtheria antitoxin. It 
as though this method of rendering these 
thin films visible should have great value 


| ] } 


as a biological tool; very likely it will 


find a place in the diagnosis of disease 
It has the advantage that it makes 
sible the 


amounts of substances fri 


pos 


detection of extre! minute 


solutions. By a modification 
nique, for example, we fin 
detect inorganic salts in wi 
trations as low as 10° n 
about 1 part in 10 bi 

Thus these 


seem to open up several 


experime nis 


of research which may well 
tions to human needs 

The examples that I have 
new things for 


riven 
show that many radically 
the home 
fundamental! 
the 


as well as elsew! ere come trom 


not tore 


research and are 


seen while research 1s In 
Such 


many cases, for the research leads to new 


progress 
foreknowledge iS impossible in 
facts and a better understanding of 


damentals which makes the 


possible. 
I do not wish to leave the in 
that all industrial research can profitably 


be of the fundamental type that I have 


pression 


outlined. It is usually the large industry 
which can best afford to undertake 
of this kind. Wherever specific 


are definitely exist, 


} 
work 
problems 

¢ 


if is Ol 


known to 
course logical to organize research work 
for the solution of these problems. If, 
10 or 20 


the men are given an 


however, in a large laboratory 
per cent. of 
free hand to follow up new and promisin 
lines of pure scientific research, and, par 


ticularly, are encouraged to make a t! 
ough scientific study of the nature ol 
phenomena involved in industria 
esses, the industry may benefit fh 
cally new developments which coul 


occur by any planning on the pat 


directors of the laboratory 





RECENT ADVANCES IN THE THEORY OF 
FERROMAGNETISM 


By Dr. RICHARD M. BOZORTH 


ELL TEL! 


IN the last five or ten years the theory 


has finally shown 
For the 


story can be told concerning the 


of ferromagnetism 


maturity. first time a 


signs ol 


ultimate 


magnetic particle, the essential nature of 


atom of a ferromagnetic substance, 


forees which determine the 


the 
the kind of 
properties of magnetic crystals, the effect 
of strain on magnetic materials, and the 
manner in which these various phenom- 
ena combine to determine the properties 
of commercial materials. It is true that 
the story is largely qualitative, and that 
there are still many points that are un- 
certain or missing entirely, but neverthe- 
less it is possible at least to discuss them. 

The fundamental magnetic particle is 
the spinning electron. Although 
might think that the orbital motions of 
the electrons in the atom would also con- 
tribute to these 
give rise to magnetic moments, it has now 
been established that when the magneti- 
is only the direction or 


one 


ferromagnetism, since 


zation changes, it 
sense of the spin of certain of the elec- 
trons in the atom which the 
orbital motions remain as before. 

The electrons that are responsible for 
the magnetic properties of iron, cobalt, 
nickel and their alloys lie in a definite 
‘*shell’’ in the atom. As shown in Fig. 
1, there are four shells or regions, more 
the 
electrons circulating about the nuclei of 
these atoms may be divided when the 
atom is separated from its neighboring 
atoms, for example, in a gas. 
Some of these shells are subdivided as 

When the atoms come closer to- 
as they do in a solid, the fourth 


changes 


or less well defined, into which all 


as it is, 


shown. 
vether 
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PHON! 


LABORATORIES, 
or outmost shell becomes disrupt 
the 
wander from atom to atom and 
‘Pree? 


two electrons which compr 
eleetrons responsible for 
eal conduction. The electrons 
part of the third 


responsible for the distinctive kind 


outer shell aré 


found in eobalt 


Some of these electrons sp 


magnetism iron. 


nickel. 


1 


one direction and some in the oppos 
as indicated, so that their magnetic 1 
ments partially neutralize each 
and it is the excess of those spinni 9 
one direction over those spinning iy 
other that causes each atom as a w 
to behave as a small permanent mag 
The well-established kinetie theory 
matter tells us that if each atom wer 
act independently of its neighbors, 
atoms would be vibrating and rotatir 
with such strength that they could 
be aligned even with the strongest fi 
that can be produced in the laborat 
To explain the kind of magnetie proj 
ties found in iron, therefore, it is neces 
sary that there be 
which will make 


some force present 
the magnetic moment 

a group of neighboring atoms lie para 
to each other ** pert 
nent magnets’’ of each group must p 

in the same direction so as to provid: 
magnetic moment great enough to pert 

a realignment when subjected to exter? 
fields. Recently it has beer 
independent means that there is sucl 
force in just those elements which 
ferromagnetic, and it is from this for 
that the difference between magnetic a 
non-magnetic materials arises. The for 
is electrostatic in nature and is eall 


the small atomic 


shown 
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Pa domains | net or \ sum of the 
JF ———— magnetizations is thus z nd ext 
’ nally I appears to be unmag 
netized but in reality the n 
a ny one point is very inte? W her 
a magnetic field 1s app by | ring a 
se? permanent magi vire car 
= rving a irrent 1 r the m | I ” 
fill IN netizatio1 f the material Sa wl is 
ies increased to a definite val m 
nism by whi this takes ] ‘ Sil J 
in he change in direction « he magi 
tion of the domains. If we represent the 
ind ON SHELLS IN AN ATOM oF rroN. Magnetization at any point vecto! 
+ ( DICATES THE SUB-SHELL THAT Is’ the effect of the externally app lf ! 
i FOR THE MAGNETIC PROPER is only to rotate the vector—to change its 
ote oiniai® ta so 7 an direction but not its mag 
a eraction yy the atomie-structure Desentiv un ee hoes ) aon 
- ts, the wave mechanicians, who pe macneti properties of mat s by 
P44 shown its existence and ecaleulated 4 ctydy sinele ervatala. Ordinary 
aad s order of magnitude. This force main- tals are eomposed of = ae 
1! : I 
* ns small groups of atomic magnets erystals oft . amall to be seer sily 
ii allel against the forces of thermal agi- by the naked eve. But it ew 
tes n, unless the material is heated so years methods have beet :, make 
it that the disordering action of the Jarce erystals of almost sniuaiiee 
“i gitation becomes strong enough to over- metals. cry stals as large as the mor 
tat wer the forces of ‘‘interaction.’’ familiar ones of rock candy even of 
as When this occurs the material loses its quartz. Experiments on su rvstals 
t f magnetism; in iron this happens at jron show that they are much n easily 
atory 7 C. magnetized in some dire¢ han in 
ro] r some reason not at all understood others. and these directions ed 
neces present, at ordinary temperatures the ‘‘easy wind ‘‘hard’’ diré ns mag 
nenes trostatic forces of ‘‘interaction’’ main- netization 
ont n the elementary magnets parallel only This dependence of eas n Za 
ra a limited volume of the specimen. tion on direction is illustr l in Fig. 2 
ern [his volume is of the order of 10°° eubie for iron and nickel in relati he pos 
poil timeters, and contains a million bil- tions of the atoms in tl stals. Tl 
‘ide a n atoms, but would be too small to be’ circles represent the atoms w Ip 
er! SCC] by the naked eye if it were isolated. pe sitions on an imaginary new I 
erna S volumes are said to be saturated be- lattice. Because t] SI 
n bi se the atomic magnets are all pointing atomic dimensions 01 
ach same direction, and have been given of the atoms in a eryst siz 
1 a name domains. Thus a magnetic ma-_ are shown, but the same | t 
for rial at room temperature, before it has f whi s outlined by s ex 
and been magnetized by subjecting it to the tends throughout the w single 
for nfluence of a magnetie field, is divided crystal. The arrows indica 
alled nto a great many domains, each of which ns of sy mag tior re 
magnetized to saturation in some diree-_ different for the two mate! $n be 
n generally different in neighboring noticed 
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MS AND THE 


DIRECTIO> 








‘S OF 


OF IRON AND OF NICKEL. 


In order to comprehend better the rela- 
tive sizes of crystals, domains and atoms 
with magnetic 
cerned, it may be pointed out that a piece 


which processes are con- 
of ordinary iron a cubic centimeter in 
volume may contain about 10,000 single 
erystals, and that each crystal contains 
on the average 100,000 domains each with 
from 10'* to 10° 


It has been shown that the easy and 


atoms. 


hard directions of magnetization are due 
to the 
neighboring atoms. 


magnetic forees between 
As far as the electro- 


static forees of interaction are concerned, 


mutual 


which cause neighboring atoms to be mag- 
the 
other, any one direction in a crystal is as 
The 
however, are much stronger in some di- 
than 
magnetic forces that determine in which 


netized in same direction as each 


easy as another. magnetic forces, 


rections in others, and it is these 
particular direction the atomic magnets 
the diree- 
tions of easy magnetization in the erystal. 
The much 
stronger but 


will point, and thus ‘‘select’ 


electrostatic forees 
the 


the latter alone are directional. 


are 


than magnetie forces, 


In a cubic crystal of iron the direct 
of easy magnetization are parallel 
cubic axes, that is, they are the six d 
tions parallel to the edges of the 
which the 
material is unn 


represents structure. W 


such a magnetic 
netized, a portion of one of the eryst 
in it may be represented by the schem 
Fig. 3(a). As shown, each of the 
mains, represented by the arrows, ci! 
and crosses, is magnetized in one of 
directions of easy magnetization 

about one sixth are magnetized in 

such direction as long as no magnetic ! 
is present. When a field is applied 
some direction as shown in Fig. 3(b 

gradually increased in strength, the n 
netizations of the domains change 01 
a time so that their directions coi 
more nearly with that of the mag 
field. When the field has been ineré 
to such a strength that practically all 
domains are oriented as shown in (b 
second process takes place: the mag: 
zation changes slowly in direction unt 


finally it is parallel to the field, and ther 
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-the material is said to 
saturated, as shown in (ce). 

illustrate the 
res in magnetization that occur in a 
The iron which 
linarily see, however, is composed 


nges no more 


Fig. 3 is drawn to 


erystal of iron. 
great many minute single erystals, 


that 
ir in each one of these crystals are just 


the changes in magnetization 
which have been described, the mag- 


tion of the whole polycrystalline 


erial being the sum of the magnetiza- 
of the parts. 

\s already implied, the first or sud- 
of of magnetization 

rather fields : 


somewhat 


; ’ 


. kind change 


- ‘Ss in weak for ordi- 
soft iron a field 
, n the earth’s field 


produce the situation represented in 


larger 


is strong enough 


The second or slow process takes 
in fields 


Strong as 


ten to a thousand 
that of the 
tn 4 e typical way in which the 


from 
earth. 


CS aS 
magneti- 
the 


is shown 


1, n of a material increases with 


eth of the magnetic field 


Wh Fig. 4. The parts of the curve which 


nmac rrespond to the sudden and slow 
\ ges are indicated. 
: The most definite evidence of the exis- 
*m . . : 

I e of domains and of the sudden or 
f mtinuous nature of the magnetiza- 
Othe ; ‘ : 
' n in low fields is the so-called Bark- 
¥ isen effect. A piece of magnetic 


terial is wound with wire the ends of 


— which are connected to a vacuum tube 


eC plifier. When the magnetization of 
ed : the material is changed, as by moving a 

anent magnet near it, a rustling 
mag ind or a series of clicks may be heard 
Lit phones or in a loud speaker connected 
nei to the output end of the amplifier. Each 
met such click is due to the sudden change in 
east tion of magnetization in a domain, 


ll th and 
he clicks we get our best estimate of the 
the Additional 
unt nee of the existence of domains and 


from measurements of the sizes of 


domains. evi- 


’ 
ret LPS ot 


he changes that they undergo has been 
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obtained recently by spreading colloidal 
iron oxide over the surface of a magnetic 
material and looking at it under a micro 


scope. The regular pattern observed is 


} 


similar in nature to the familiar one ob 
sprinkled 


fine co 


loidal particles are necessary in this case 


a anal 


are 
the 


when iron filings 


ained 


near a perma! ent magnet, 








HANGE 
. “y 
j 
j 
j 
M P 
Fig. 4. A AL MAG) ( HI 
‘ PF 
I ACI - ) TI PS A 4 > BY A MAG 
NIFIED PO OF P ' 
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CHANGE IN MAGN , ION I sMOO 
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the This 
micro-pattern changes when the applied 
field e] the 
tributed to the redistribution or 
tat of of 
patterns are obtained only on magnetie 
found them 
when the material is unmagnetized. 


be ause whole scale is small. 


anges, and difference is at 


reorien- 


on groups domains. Such 


materials and are on even 


Magnetic forces between atoms are also 
resp mnsible the 
effects 


material, 


for magnetic 
by 


for 


various 
magnetic 
effect, 
In a 


straining a 
the 
which @ 


caused 
and converse 


magnetostriction, msists 
slight change in the dimensions of a mag- 
netic material accompanying a change 
[n 
$s, Strain is a very important 

To have high 
that to be 


netizable, a material must be annealed at 


in magnetization. commercial mag- 


netic materia 
consideration magnetic 


permeability, iS, easily mag- 
undamental 


the relief of 


a high temperature and the ! 
effect 


of this annealing is 
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strains which were introduced in the ; 


its fabrication. Strains 


but 


terial in 


similar nature much sn 


Scaie al 


On a 
‘e caused by the presence 

tain chemical impurities, and the | 

permeabilities can be attained only 

these impurities have been removed 
such purification the permeability of 
ean be increased to over 300,000, t! 
times that of the iron ordinarily us 
for magnetic 
still treatn 
permeabilities of over 1,000,000 have 


commerce purposes 


cently by more careful 
measured in a single erystal of perma 
as shown in Fig. 5. Similar permeal 
ties have been obtained more recently 
single crystals of pure iron and of 
containing 4 per cent. silicon. 

For some purposes large strains art 
the better. To 1 
a good permanent magnet such as tl! 


loud 


sirable, the larger 


used in ereat inte! 


speakers, 
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the ma trains varying rapidly from point to 
IS t in magnitude and direction are 
small; narod | by ‘‘precipitation hardening,”’ 
OL ee the same mechanism as that which oper- 
highest to produce the great mechanical 
V wher st th in steel. Technically this per- 
d. B vy is often measured by the ‘‘co- 
Or ir e foree,’’ which in modern materials 
thirt . t ten times that which was attain- 
ised i few years ago. 

R [hese internal strains are somewhat 
tm rous to the ordinary mechanical 
e | ns that would exist in a group of 
DAalloy ’ tancular wooden blocks piled together 
eab box. Due to the pressure of neigh 
itly ring blocks, each block is held in a fixed 
fu tion. This analogy may be used also 

istrate the fact that high internal 

ire a strains are necessary for good permanent 

ma nets. If each block represents a mag 
th 
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COMMENTS ON CURRENT SCIENCE 


By SCIENCE SERVICE! 
WASHINGTON, D. C. 


PRESSURE CONDITIONS OF 95 

MILES IN EARTH EQUALLED 

Using newly designed equipment man 
is now producing pressures in the labora- 
tory comparable with those which occur 
nearly 95 miles within the earth! Pro- 
fessor P. W. Bridgman, of Harvard Uni- 
versity, and experimentalist on high pres- 
sure, has just announced that his appa- 
ratus can now squeeze materials with a 
force of 700,000 pounds to the square 
inch. 

If one 
would take to create this pressure (allow- 


ealeulates how much rock it 
ing a rock mass of 200 pounds per cubic 
foot) the answer comes out that 504,000 
feet of rock are needed. This is a depth 
the earth. By 
comparison the deepest oil wells that man 
drills go only a little more than 11,000 
feet into the earth. There they fail be- 
cause the side walls squeeze the drill in a 


of over 95 miles within 


grip of rocky firmness. 

The new pressures are over twice as 
great as any which Professor Bridgman 
has previously reported. This advance 
was made possible by a new design of his 
pressure chamber in which a tremendous 
pressure is not only present inside (to 
squeeze the test material) but also sub- 
jects the outside to a high pressure to 
keep it from bursting. 

The little 
shaped and is 
collar 


eylinder is cone- 


steel 


pressure 
against a 
the -arboloy 


pressed 
simultaneously as 


plunger presses on the test materials. 


One of Professor Bridgman’s new dis- 
is that extreme pressure turns 
ordinarily like and 
into a form which has true 
1 Watson Davis, director, Frank Thone, Robert 
D. Potter, Jane Stafford, Emily C. Davis and 


Marjorie Van de Water, staff writers. 


coveries 
tellurium sulfur 


non-metallic 


metallic properties. Under the s 
too, Professor Bridgman 
able to create new forms of bismut} 


pressure, 


Ordinarily these elements 
have abnormally, like ice, in that 

Most element 
high 
was possible to make bismuth and 


erallium. 


contract on melting. 
pand on melting. By pressu 
lium assume forms which also expar 
on melting. 


ARTIFICIAL RADIOACTIVE MATE- 
RIALS IN CANCER THERAPY 
Investigators for some years hav 
smashing atoms in giant apparatus 
turning nearly all the elements fron 
form into another by 
With most of the elements now rend 


transmutat 


radioactive at will, tests are under 
to determine the biological usefuln: 
these new tools of science. 

The newest instrument in the field 
making artificial radioactive 
for biological experiments is the gi 
cyclotron of the Biochemical Res 
Foundation of the Franklin Institut 
It is to be used to create quantities 
It is q 
materials, 


mater! 


materials for cancer therapy. 
conceivable that such 
cially prepared, may some day disp! 
time-tried radium and radon in ear 
treatment. 

Among the benefits which 
the synthetic radioact 
lives 


would 
pear are: (1) 
materials would have short 
turn, in a few days, back into inert « 
ments without effect on the body, 
(2) almost any element seems capable 
being rendered radioactive. 

The significance of point 1 is 
while ‘‘seeds’’ containing radon ean now 
be ‘‘planted’’ within tumors the disint 


gration products can keep giving out 








lan ¥ 
uth 
nts 
at 
ssure 
nd 


pand 
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tion long after the need for it is 


» meaning of point 2 is that a good 
} treat cancer would be to find some 
nt or chemical combination which 
d localize in the diseased tissue. If 


such a combination could be found the 


‘es are that it would be made radio- 

ve with the hope that it would give 

ft radiation directly inside tumor tissue ; 

vs that could destroy the cancerous 
wth. 


‘ 


This getting ‘‘inside’’ the tumor seems 


ortant, for external sources of radia- 


have an all-too-little specificity for 
gnant tissue. The rays can kill such 


tissue, but in so doing they also harm the 


unding healthy tissue. 


SELECTIVE MOLTING AS AN ANAL- 
YSIS OF LIVING MATTER 
N. A. Ijin, of the Soviet’s Wool Lab- 
itory, building upon the research of 
‘rs, found last year that he could by 
ngle doses of thallium compounds make 
ep shed their wool, leaving them 
ced as if they had been shorn. This 
s particularly effective for such sheep as 
hose of the meino variety with uniform 
- curling fibers. 
Now he has discovered a way to apply 
‘thallium molt to those less improved, 
re hardy sheep with mixed wool, whose 
er has been of little value because it is 
rgely coarse and not uniform. If the 
allium dose was small, only about 9 
igrams, the fine wool predominately 
out, if it was 12 to 13 milligrams 
th coarse kemp and fine fibers molted. 
is may possibly have economic impor- 
There are difficulties, however, for thal- 
im is a metal poisonous to plant and 
nimal life. TIljin warns of ‘‘certain 
‘mful by-effects’’ and in past years 


warnings have been issued here in Amer- 


1 as to its danger. Numerous deaths 


lowed use of thallium compounds in 
pilatory preparations. It removed hair 


with such great efficiency that those who 
used it became bald. Effective in fight 
ing rodents and insects, even this use is 
discouraged because of 
man beings 

The Soviet investigator, however, has 
conducted his experiments more for the 
sake of biology than the wool indus 
He calls selective molting in his sheep 
an example of the analysis of living mat 
ter by means of chemical action. Differ 
ent doses of thallium promise to disti 
ruish between sheep of different genetic 
strains. Selective molting is considered 


by Iljin ‘‘a proof of the possibility 


a physiological distinction between 1 


yf 
( 


lv different structures,’’ a 


phological 
of chemical filter for 


mixtures blended by heredity 


unserambling the 


LIFE AT VERY HIGH ALTITUDES 

Life at very high altitudes, such as on 
the upper slopes of Mt. Everest, for ex 
ample, is strangely different from ord 
nary living, it appears from the descrip- 
tion given by Dr. C. B. Warren before 
the Royal Geographical Society in Lon 
don. Dr. Warren was one of the med 
ical officers of the 1936 Mt. Everest ex 
pedition. 

Difficulty with breathing, of course, is 
one of the most noticeable changes and 
apparently is the first difference felt on 
When 


resting, breathing goes on at about the 


higher altitudes 


ascending t 
normal rate, Dr. Warren observed, but 


the slightest exertion increases the ra 


out ¢ 


I propor 


A short 


stroll presumably would leave a man 


and the increase is way 
tion to the amount of exertion 


breathing as fast as if he had been run 
ning a race The breathlessness and the 
sudden awakening at night with a slight 
feeling of suffocation disappear, how- 
ever, when climbers get used to the higher 
altitudes 

Another peculiar feature of life at high 
altitudes is the feeling of muscular weak 


ness and lassitude 
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‘For the first few days at Camp ITI, I 
found that 
down and do nothing,’’ Dr 


[ was always longing to sit 
Warren re- 
ported. ‘‘I can only compare the feeling 


to that sense 


of weakness which is experi- 


enced on first getting up after a long 


illness 
disinelination for 


‘A very distinet 


mental work’’ was experienced 


SCTIOLUS 
at altitudes above 20,000 feet Hearing 
and vision are less acute at high altitudes, 
but Dr. 


changes on 


according to some observers, 
Warren did not 
the 
pers have also been reported as a feature 
Warren 


con- 


notice these 


expedition Irritable tem- 


Everest 
of life at high altitudes, but Dr 
found that 
no serious quarrels occurred. 

usually 


in spite of ‘‘provoking’’ 
ditions, 

Bracing mountain air 1s 
thought to stimulate the appetite. At 
really high altitudes, the opposite is ap- 
parently the Dr. Warren found 
that at 20,000 feet members of the party 
ate far too little, and consequently lost 


although they thought they were 


Case 


weight, 


eating enormously 


MAN’S FUTURE DEPENDS ON WHAT 
HE DECIDES TO EAT 

Kach of us is called on to make an im- 

portant decision three times every day : 

What we shall eat for dinner, for break- 

fast Man’s future 

pends very what he decides 


to eat 


and for lunch. de- 
largely on 
That prediction comes from Dr. 
George R Minot, of Boston, Nobel laur- 
eate, who discovered that liver would cure 
pernicious anemia, 

Investigators have learned what should 
be eaten for good health and growth and 
even for long life and improvement of 
the Foods that filling 
energy like meat, 
In addition, the 


are and 


race 


viving, potatoes and 


bread, are not enouch. 


diet should inelude what are ealled the 


“protective foods.’”’ because they protect 
us from serious ails such as seurvy and 


beri-beri and rickets, and from many 


minor degrees of undernutrition and poor 


health 


dairy products are protective foods. S 


Fresh fruits and vegetab| 


tistics of food supply for the past 
decades show a shift toward greater 
sumption of these protective foods 

shift is now being eredited with ha 
kept up the public health throug! 
years of the economic depression. | 
because of this shift, also, nutritio 

believe, that boys and girls are ente) 
better developed at a slicht 


tathers 


college 
earlier age than their 
mothers. 

Not enough of us, however, are ma 
the three-times-a-day decision as w 
as might be. About half of us are eat 
a third-rate diet, a survey by Dr. H 
K. Stiebeling, of the U. S. Bureau 
The r 
is not all a matter of pocketbook eit! 
As might be 


Home Economics, revealed. 


expected, diets were ve! 
poor in families where the total food « 
penditure was $85 per person per } 

But at every spending level above $1 


per person per year some families s 


ceeded in getting very good diets 


ROLE OF ENVIRONMENT IN 
MENTAL DISEASE 
I'resh evidence of the power of soc! 
influences to bring on mental breakd 
and disease has recently been given | 
the 
playmates as little boys and who all 


tragic story of five men who w 


now patients in the same hospital f 
(One 


+ 


of these patients 


the situ 


disease. 


mental 
had enough understanding of 
tion to bring it to the attention of t! 
psychiatrist, Dr. J. MeV. Hunt, of Brov 
who reports the cir 


University, 
the Ame 


stances in the current issue of 
can Journal of Orthopsychiatry. 

The five patients were members 
group of fifteen boys who grew up 
gether in a poor neighborhood of Was! 
Many of the boys had 1 
parental guidance. When about ten years 
old they began to play around a slaug! 


ington, D. C 
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les ise and horse barns in the neighbor- 
5s ind were initiated into sexual per 
ast + ns by men around these two places. 
er ; \t same time some of the boys regu- 
| ittended a neighborhood church 
ha emotional revivals were frequently 
oh lucted Some of these boys entered 
rf ntly into the conversion experiences 
0 esolved to give up their sexual per 
iter ns Later, these resolves were 
licht)s n. Each broken resolve made the 
; el more guilty, so finally they were 
st continually miserable 
na > » b VS escaped this constant econ- 
wis flict. They were more closely watched by 
eat their parents and did not join the homo 
H.: ial ring, or had anti-religious parents 
aul so never went to church or revivals. 
reaso) All the boys, and only those boys, who 
ejt} enced the religious conversions and 
wn part in the sex perversions subse- 
od ex- tly were committed to institutions 
ver mental disease. The conflict between 
rsi the two influences was evidently too much 
- them, and mental breakdown and dis- 
resulted 
Dr. Hunt points out that the com 
N nity situation is not unique, although 
loes not in itself prove any theory of 
soci eause of mental disease. 
do 
APES CAN LEARN HOW TO WORK 
yole IN COOPERATION 
wel 


Pessimists despair of cooperative har- 
War, they declare, is 
Common endeavor is an un- 


ny among men. 
vitable. 


‘ tural, artificial thing at variance with 
_— n’s true nature. 

Pu Psychologists, unemotionally testing 
Bowe truth of such claims, have stated 
cun r finding that nothing in man’s na- 
are ture exists to prevent world peace and 

, peration for the common good. 

or a Even apes can be taught to work co 
P ratively, it has been found in experi 
) asi ents at the Laboratories of Primate Bi 
di ey, Yale University. The results, as 
rears 


eported by Dr. Meredith P. Crawford, 


RRENT SCIENCE Te 
ire illumu r in \ t 
tempts to foster hun 

his experiments, pairs of s were taug! 
to operat a | i \ ling 1 

one alone could 1 vor] 

1) Motiv S n | 
less the a il wal u 
less to t any « perative \ l | 
willing animal in such a « ems 1 
know better than to bother with ft] u 
willing o1 | st aba s the p t 

2) Education is importar zs 


found. Both animals must be trained i 
the sk1 IS 


though si 


necessary for the tasl 


the trained animal w 


meTrimes 


make ( ide atten pts to | i ! ‘ ! 
trained team-mate, the ape does not s 
to make a good instructor. When bot! 
know what they must do, one takes the 
leadership and guides or en rages witl 
gestures and cries, his 
task 

3) Friendliness is important (pes 
like men, have pals of whom they grow 
very fond vith others they do not 
*felick.’’ For best worki condit s 
mutual regard is essential 

+) Attitud f the « ye! r a 
mals is important. An individual ape is 
not always the leader or always subordi 
nate Some are more successful as the 
superior 

In one team, Bimba was le! nd 
Bula subordinat In another pairing 
Bula became the leader of B \s 


leader, sne 
tation of help 


speeded. 


Desire, education, friendliness der 
ship are thes the essent } f 


human cooperation 


DRAW-CASTING COPPER RODS 


One of the older arts of met rev 
the fabrieation of eastines by pouring 
molten metal in a mold and a owing the 
whole mass to cool Then the n ld is 
broken away and ne has tl easting 
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The method, of course, is a great advan- 
tage over the alternate task of trying to 
fashion the erude block of cold metal in 
the desired form. 

The art of making castings, then, is old 
but there is a new technique which is 
yw coming into production. It is 
draw-casting. Most people have 
It consists of drawing, 


only n 
called 
never heard of it. 
directly from a bath of molten metal, rods 
and tubes of copper. 

Dr. Byron E. Eldred, new president 
of the Engineers Club, New York City, 
and one of the nation’s few remaining 
independent research scientists, is the 
inventor of draw-casting. 

Dr. Eldred melts copper in a furnace 
which has one or more holes in the bot- 
In each of these holes is inserted 
rod that is to be the 
of hundreds of feet of addi- 
These parent 


tom. 
a copper going 
‘*narent’’ 
tional rod 
rods are cooled by a surrounding water 


the Same size. 


chamber and transmit their coolness up 
Around each of 
metal to 
freeze’’ As 
the metal in the bath freezes, from the 
inside out as it were, the rods are pulled 
out and continually solidify more metal 


into the molten copper. 


melted starts 


their tips the 


4é 


and in turn becomes cooler. 


within the furnace. 

The process, in one sense, reminds one 
of the old-fashioned method of making 
candles by dipping. At each dip the 
eandle froze more crystals of wax and 
the candle continually grew larger and 
fatter. Since Dr. Eldred is not seeking 
‘*fat’’ copper rods he continuously pulls 
out the newly frozen copper at the end 
of the rods and gets continuous produe- 
tion that is a time and effort saver over 
present casting and rolling and drawing 
methods 


cool 


GRAVE OF AN UNKNOWN VIKING 

Denmark has discovered its first Vik- 
ing ship grave. The place where the ship 
lies, in a cornfield near the sea, has been 
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roofed over and made an exhibit 
that is left of the barbaric, m: 
burial has been treated 
modern chemicals to prevent it fron 


by mag 


integrating further. 

The unknown Viking, thus br 
into the spotlight, was perhaps or 
the Danes who harried Britain and 
European lands, in wild voyages 
venture. He lived about 950 a. ir 
time of that quaintly named king, Har 
old Bluetooth. 

When this unknown Viking died 
ship was dragged up from the sea 
His favorite horses and dogs 
were brought board and slain. At 
tendants came with the Viking’s 
weapons and articles he might need 


high place. 
on 
laden 


the mysterious voyages of the fut 
world. Then they covered the whole s) 
tomb under a mound of earth. 

But the Viking did not rest in pea 
His ship was visited by robber 


long. 
who carried off everything valuable they 
Viking 


could find, and the body of the 
besides. 

When a Danish chemist arranged wit 
the Danish National Museum to excay 
the mound near his home, recently, 
brought to light this story of medieva 
burial and robbery. 

What the foundat 


of the ship, a long, slim craft, 70 feet 


remains is this: 
a mere 10. The proud dragon head 
the roof over the center long ago 
eaved in. But the excavators found iro! 
spirals which made part of the dragor 
mane, and 
mast, and 
of the ship. 
Bones of 1] 
found, 


rings belonging to 
iron riv' 


iron 


several thousand 


arrow-hea 
that sl 
in 


45 


ornaments 


dogs were iron 


and a few small 


the splendor of accoutrements 


Viking world 


MAPUNGUBWE 


named Mapungubwe, on t 


A hill 


horses and four hunting 
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t. A f Kipling’s ‘‘great, greasy, grey- 
edieva n Limpopo River,’’ has been yielding 
gic of ves and other clues to South Africa’s 
ym dis. 


struck natives always said climb- 
Their 
one of stors had buried treasures up there, 
one dared even to point to the 
or ad red hill, in the wild region where it 


Mapungubwe meant death. 


in th But five years ago, a group of white 
ated the mill and found what they 


for—buried treasure. It was, in 
‘d, his : skeleton with numerous ornaments 
a toa gold plate. 
d dogs ‘ortunately, the treasure hunters were 


At ted men, and one reported the find 
University of Pretoria. From then 
Mapungubwe has been probed by 


future 


le shiy story. 


en, seeking a long-lost chapter of 


an archeological volume called 


pea ngubwe,’’ Professor Leo Fouche, 
bbers University of Pretoria, and others 
e they a progress report. Excavations have 
iking d native mysteries, showing that 
| was oceupied by two separate 
1 wit! ples. After several centuries, they 
-avate There was no fighting, no hasty 
ly, he parture, judging by lack of confusion 
dieval ruins. 
ut before the people went down the 
lat for the last time, they apparently 
et | ed their sacred objects with their 
1 and One grave, nicknamed the Scepter 
» had |, contained a skeleton buried with 
| iron igold scepter in one hand. This episode 
von’s African prehistory happened in the 
ers Middle Ages, so the evidence mainly 
rivets ests 
\rcheologists are now puzzled to know 
atles these early Africans were like. 
wesidin ‘xulls they have seen are not true Negro 
we I They may represent a mixture, 
.s including distant foreigners. 
Urging extended digging to north and 
of Mapungubwe, Professor Fouche 
ares that deeper knowledge of native 
th ires and achievements in Africa’s 


ay aid Britain in improving its 
ns with native subjects. 
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GERMAN SOYBEAN SUPPLIES 


Germany, seeking economic self-suffi- 
clency in raw materials and foodstuffs 
especially in the all-important oils and 


fats, has undertaken the encouragement 


scale « 


of large 


utivation Of soybeans 

hitherto imported in considerable quan- 
tities from Manchuria 

Systematic testing of the hundreds of 

known varieties of soybean is in progress, 

as well as breeding to produce new kinds 


better adapted to the German range of 
ates. Werner von 


an agricultural! 


soils and elin Haken, 


economist, has blocked out 


areas where good results may normally be 


expected, and others where the chances 
are not so good 

Roughly a fifth of the tota rea ol 
Germany is in the first-cl soy bea 
regions. These are principally in_ th 
southwestern a! central parts of the 
country. An additional two fifths 1s 
second-choice soybean territory, wher 
success W | be largely COl lit ned by 
local conditions and the skill of tl ! 


The rest of the 


l east and the n ntain 


dividual farmer 
in the north an 
ous south, is not recommended for soy 
bean culture 

Herr von Haken’s d 
plates large use of soybeans as human 


food. The Chinese have for centurie 


made a large variety of palatable dishes 
out of soybeans, which constitute the 
principal source of protein food for 1 t 


of the population. Herr von 


lieves that crowded, blockade-threatened 


Germany would do well to follow the 
Chinese example 

Despite the fact that Manchurian soy 
beans can be imported into Germa 
more cheaply than they can be raised 
there, Herr von Haken feels that larg 
scale cultivation at home is desirable, 
even aside from questions of nat il 
policy. The imported soybear Ss, he pou ts 
out, are a mixture of varieties and there 
fore do not cook uniformly He also 


states that the home-produced soybeans 


are usually superior in flavor 








MARIE CURIE—HER LIFE WORK’ 


By Dr. FRANCIS CARTER WOOD 


rITUTE OF CANCER RESEARCH, COLUMBIA UNIVERSITY 


A STROLLER in the Latin Quarter of stands alone for if Roentgen had not dis 
Paris in the winter of 1897 who happened covered in 1895 the rays which bear | 
to look into a small building used for name, the name of the thirty-year~ 
storage on the rue Lhomond—that part Marie Curie might never have been k 
of old Paris where the French preserve to fame. 
by the street names the glory of their About the year 1890 physics was s 
scientists—would have seen a tall hand- posed to be more or less finished, for it was 
some man with a brown beard and a_ felt that all the important laws had be 
woman with a beautiful intellectual face discovered, and the only thing remai 
gazing intently at some glass receptacles ing was to measure the known phenon 
which were aglow in the darkness with a more accurately. It is true that cert: 
curious greenish light; even a thin vapor scientists in England and Germany wer 
arising from some of the fluid in the studying the luminous bands and ot 
basins was faintly luminescent. This phenomena which occur when a fail 
couple was Pierre and Marie Curie, who high-voltage electrical current is passed 
after a day of hard labor in their work- through a glass tube containing vari 
shop had returned after dinner, as they gases at low concentration. Faraday a1 
frequently did, to see that things were Crookes were two who had spent time 
all right for the night and to wonder at this subject without casting much light 
this curious auroral glow that was pro- on its nature. About 1890 an Englis 
duced by the hitherto unknown element, physicist, J. J. Thomson, studying t 
radium, which they were in the process’ effects of the transmission of electricit; 
of isolating from the ores of uranium. through rarefied gases, began to n 
This faint luminescence was due to the observations which pointed to the { 
alpha rays which the radium and its that the explanation of the lumi 
emanation gave off, bombarding the atoms phenomenon must be that under the 
of the air, changing their chemical nature fluence of electricity the gas in these lal 
oratory aurora is broken down into el 


and exciting their electrons, and the 
trified particles, for the colored streat 


Curies were observing the birth of the 
world of the infinitely little and the dawn ers were deflected by a magnet or an el 
of the new alchemy. Though they did tric current outside the gas-containing 
not know it. their discoveries were to tube, as Pliicker had described in 1858 
It was while working with such a tul 
in 1895 that Roentgen noticed that phot 
graphic plates lying on 2 table nearbj 
were fogged, and in a few months t 


revolutionize the opinions of 2,000 years, 
completely transform modern physics, aid 
astronomers in their study of the stars, 
restore to life and health thousands of 
human beings, and inspire a host of in- discovery of x-rays was made. He, as 
of Pliicker in 1858 had noted, saw that 


glass of the tube assumed a bright gr 
ish color while the current was passing 
and it was thought at first that this gr 
ish color was the source of the radiations 
Poincaré, the famous French mat! 


vestigators along innumerable lines 
study in wholly new fields. It is of inter- 
est to discuss briefly what led to this re- 
markable discovery, for in science no one 
1 Read at a memorial meeting held at Colum- 
bia University on January 20, 1938. 
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} <} (| tl < mi res 
Pat \cae ! sc le s ! Jal lars 
1896. and diseus followed 
mad this same s eS } sa possible 
xp n rep lestion by 
Henri Beequer | her of Be 


jue! had been a tar Ss nemist, ana 
Ltie SO! possessed a ¢ nsiderable supp 
f uranium salts whieh had come into his 
possession after his father’s death 
Uranium salts eive a greenish phos 
phorescence when exposed to light, so 
Becquere vered some photographic 
plates with black paper, laid the uranium 
salts oO them together vith some metal 
objects and. to his astonishment, found 
that he had a Roentgen shadow picture 
Being a scientist, he tried some uranium 


not been exposed to light and 


t photographed just as well 


if ‘ 
Then he took some fresh samples of very 
pu recently prepared uranium and 
und that it did not photograph. Bee 
querel recognized that the photographie 
effect must lie either in the atoms of the 
uranium or in a contaminating substance 
present To-day we know that the 
uranin breaks down in the eourse ot 
vears into radioactive substances or 
a long time these rays were called Bee- 
querel rays. Beequerel was unable to 


and 
and Marie 


had been mar 


continue these investigations sug- 


vested, late in a. To Pierre 
rho shortly before 
follow up t] Is discovery 


and find out what was the substanee in 


iranium which possessed photographie 
apacities 

This selection had a touch of genius in 
t. for Pierre and Marie Curie combined 
that persistent and clear-sighted intel 
ect energy which 1s so necessary for 
SIC) discovery They were poor, 
sti ln to do work under disadvan 
t ous con ns, and ladlv turned to 
his me eld where Pierre Curie’s knowl 
edar physics and Marie Curie’s knowl 
ed f echemistrv were needed to solve 


LEN TIE LE 


MONTHLY 


hye problen | 180s they 
Ti ~ ’ y id] ] 

There has hes mueh disens 

hie part | Pac! ) ived 1? Tt} 
! Mian Cur is alWavs s 
sa mb i! ! | TWO ¢ Ne 
, . 
minds It was her dutv to dot] 
nen eal ar yVSes wi | ere re 
find the minute traces of radiw 
ores W vhiel thy orked 
tested 1} minerals } } ( 
ol il nna iTeW Whilel } } 
" | ] 
rrapl me ey ne Ase vere 

niz he air about them s 

1] 4 ; 

Lich ¢ rry L miu ClLCCLTIC CUT 
stead of acting as rv pertect n 
is does ordinarv an hese 

#4 ; ; co} 7h 
nieTlv Those eontall ne’ urahilul 
Pierre (ure Ss share wat rer 
cist to ta ‘ h substance , 
were over Thierry Know! eremenirs 
uranium ores and cetermine 
apparatus which he had Invent 
time before. the amount of 101 ) 
each sample produced Thus, as 


eliminated metal after metal, they 


found that mixed with bismut! 
barium were minute traces of int 
lOnlIZING substances The first 
polonium, the second radium 

The quantity of current whiel 


Is produced 


the 
ot the 


when ionization 


measure 


Radium salts are never si 


but the 


ment 


weight, by ionization whicl 
produce as compared to a standard 


radioactivity of th 


the x-ray used in the treatment of 
cer 1S also measured by this means 
this phase of their work they fe 

upon the discoveries whieh had 
made in the past showing that not 


x-rays made air a conducting medium 
all gases became conducting 


t} at 
eurrent of eleetrnielt 
tube 


] 
a @lass eontaiming a 


us returning to the earlv work of 


pl enomenol 


Now we know that the currents t] 


rarefied 


\ was passed t} ] 





is 
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! Hil ! — ( er 
miber re produced bv the 
! i iS tl electrons, a 
‘ } } ( pal se @ “ 
Sho rié r bye ible ~ ~ 
hems s bhelne ha ( ‘ 
’ rs ; 
sistine of an elect) 
ibie To transter a current D\ 
irs before had brought for 
r 1wlea to explain tl 
1? \ through fi Was ana ! l 
S all ectrical deposition « . ' 
h had lone before reached hye 
development as every piece of ne H] 
testifies, for the silver r 
silvel salt IS carried Prom one SI 
| deposited upon the coppe tures, s 
rms another pol To-dav we mine! 
X-ravs are produced by thy Zz 
f these electrons upon the sur n 
i metal, which so perturbs the a Se) 
at metal that thev radiate | 
s san electric current in the mp Isos PP ( 
lamp bulb heats the filament and terest¢ 
t give off electrons, as Thomas _ ties 
showed in 1883 without known tha . 


anatio1 


s Marie Curie by her chemical dis 1, eS al t] 


if the element radium inaugurated re} 1 
nav be called modern phyvsies and radii 
have been to her a marvelous OT he 
nm that her daughter, [rene t] | 
Curie, has followed in her foot part S 
g¢ one discovery after anothe Ruthe 
id render the name Curie in Mian ( 
ble had her mother never bee) the se 
But it has been granted to n rad 
man so to revolutionize by a ura 
discovery thy whole subiect he 
VSICS 1) ‘ 
Zerre Curie in 1908 found that I 
vave off heat, many of the theories — series 
sles, especially that dealing v the :, 
vation of e} ergv, seemed to he shat . 
but shortly afterward it was show) of abs ! 
s heat was produced by the brea } 


the atoms of radium, and “ais 
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careruils measured amounts of the pure Is Composeca OF a central nucleus 
salts which are deposited in the various contains neutrons and fragments 
bureaus throughout the world, including drogen known as protons, and 
the Bureau of Standards in Washineton, this as a center rotate the eleetr 
to serve as standards for the measurement for hydrogen and up to 92 for 
of radium ust as the standard meter and the metal with the highest aton 
standard vard are deposited and used for The Curies vaguely dreamed 
thre cheeking ol accurate measuring celestial system with a central s 
instruments surrounding planets, and Lréne ¢ 

ln the meantime, a host of investiga missed the discovery of the neutr 
tors, including the famous Lord Ruthe few months. The central mass 
ford, who died only a few months ago trons and protons determines th 
hbeean to mnvestigvate this profitable field of the element and the electrons 
The Curies had noticed in 1899 that ail its chemical reactions The eleetr 
the apparatus and even the walls of the — be pulled off by exposure to Roe 
room in which they worked became radio vamma rays and heat This d 
active It was soon found that radiun change the actual chemical nature 
evave otf a cas wil wh is now known as substance for the atom which hi 
emanation or as radon This gas 1s _— stripped of some of its electrons 
really the active substance which charac these quickly from nelehboringe ator 
terizes radium, for, if the gas 1s pumped becomes normal agall ln a was 
off, radium ceases to radiate, but in the covery takes only a few minutes 
eourse of a Tew days revenerates more Lord Rutherford showe n 1919 
radon vhich can again be pumped off aipha particles Trom rae moar 
and used for practical purposes, for a to pli pon nitrogen eas son 
rreat deal ¢ he treatment of cancer Is nitrogen is destroved and ehat 
done witl radon rather that vith radium oxvgel ana hvdroget Appare! 
This radon gas has a ver short life, los helium particle is able to break 

! ha Ol S Vall ha ttle over three eenter of the atom and change tl 
davs weleht, for trogen has an aton 

Kurther studies showed in the course of 14 and e oxvgen produced 
of the breakdown of radium that a lare Helium with an atomie we hit 
number ¢ products were obtained, some nitrogen with 14 makes an aton 
with an extremely short life measured in of 18 against the oxveen with 17 
t] sandths of a se others whicl i missing f t supplied by | 

sted r millions vears. In the ura vith a itor number ] 
Hium-rar T amily thet ire sixtee! helium and hvdrogen ean b 

! ! mbers, the las heing lead | ealed rity Ol na ntamu 
was sool Poul al hat Tho in alist POs ! rovel HIS is Tl rs int ( 
sessed radioactivity, and the thorium qduetion of new elements and is the 
family has thirteen known members, end which Iréne Curie has made | 
ing again with lead. Later an actinium — famous 
family was found, also of many members, Whether the radium which Marie ¢ 
and its termination is also in lead But discovered will ever be produced 
this was the work of other hands ficially by some such process 1S as vel 

Others also invented elaborate theories known Probably it will be found 
for the constitution of matter based upon the amount of energy used up 1S SO ¢ 
Marie Curie’s discoveries We believe mous that the transformation must 
for the moment that an atom of matter main a laboratory experiment, but 
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doubt rue, all genius is led by en 
eumstances and she micht nave remained 
a teacher of chemistry ina French school 
i! t had not been that Bes ierel made 


an erroneous theory, and as a 


result an opportunity was given to her to 
investigate ne field of sciene But it 
Is true also that many others were work 
Ing in the same direction, but had failed t 


ha argument has be made that 
} ‘ ] ; 
ecause SHNMUITEUNeCOUS GIscoverles are no 

; ; | 
Infrequet In science genius Is merely 
a question Of mass action and if onlv a 
sulhieient number of persons work on a 
problem The adimecoveryvy will he achieved 


But since the pioneer work of Pliieker in 
I8o8 innumerable persons had run an 
electrie current through an evacuated 
vlass tube and studied the phenomenon 
which ensued. thoueh it was not until 
189) that Roentgen found that every 
such tube gave off x ravs It is related 
that one English scientist of great ability 
noted that his photographie plates were 
fogged in the neighborhood of such a 
tube, but instead of searching for the 
reason, he complained to the maker of the 
plates that thes were defective and ob 
tained a new box Roentgen had the 
flash, the intuition, if vou will, which 
made him find out why his photographie 
plates were fogged. So Marie Curie had 
the intuition which led her to devise the 
hypothesis that it was the breaking-down 
of the atoms of uranium which caused it 
to give off radiation. Without this work 


ing hypothesis radium might not have 
been discovered for another hundred 
vears 

After her husband’s death in) 1906 
Marie Cm was appointed to his chan 
ol ri a) SLUGS ! TI Sorbonne and 
contmued his lectures. In 1910 she ib 
ished an important work, a ‘* Treatise on 


, = . 
Radioactivity’? which summarized thei 
labors and those of others up to nat Tire 
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printed in this mtr Shi 
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Wat Wiel is drawn tTrom 
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continued ill health and publish 
short papers on various topics 
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THE NORTH POLE DRIFTING STATION 
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